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A-DDHESS 


St.  Anthony,  Minn.,      > 
Dec.  31,  1872.  $ 

Hon.  J.  8.   Pillabury^  President  of  the  Board  Regents  of 
the  University  of  Minnesota: 

Deab  Sib  : — I  havo  the  honor  herewith  to  present  the  first 
annual  report  of  progress  on  the  Geological  and  Natural 
History  Survey  of  the  State,  required  by  the  provisions  of 
the  law  creating  the  same.  The  field  work  covered  by  this 
report  is  that  performed  by  myself  alone  between  the  first 
of  September  and  the  closing  of  the  season,  on  the  12th  day 
of  November,  by  the  first  fall  of  snow.  The  means  at  my 
disposal  not  admitting  of  the  employment  of  assistants,  it 
has  only  been  possible  to  make  a  general  reconnoissance  of 
the  State  by  visiting  those  parts  accessible  by  railroad.  In 
that  way  I  have  succeeded  in  making  a  connected  section  of 
observed  strata  from  the  trap  and  granite  rocks,  which  lie 
at  the  base  of  our  geological  system,  to  the  Oalena  Lime- 
stone^  in  the  Lower  Silurian,  including  also  about  forty  feet 
of  the  latter.  Between  the  Oalena  and  the  Cretaceous  no 
intervening  rocks  have  been  seen,  but  it  is  probable  that  the 
remainder  of  the  Lower  Silurian,  including  the  Maquoketa 
JShcdes^  and  the  Niagara  Limestone^  which  in  the  north-west 
seems  to  constitute  the  Upper  Silurian,  as  well  as  the  lower 
portions  of  the  Devonian,  are  in  place  in  some  parts  of  the 
southern  portion  of  the  state.  A  few  sections  have  also 
been  taken  in  the  Cretaceous  clays  and  sandstones  in  the 
southern  part  of  the  State.  Developments  of  considerable 
interest  and  economical  importance  have  already  been  made 
in  connection  with  this  series  of  rocks,  as  detailed  in  the  ac- 
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companyiDg  report ;  and  it  is  believed  that  they  will  afford 
in  the  future  progress  of  the  survey  some  of  the  beat  exein« 
plifieations,  not  only  of  the  scientific  value,  but  also  of  the 
practical  usefulness  of  our  investigat^'ons. 

The  small  geological  map  of  the  State  accompanying  thi» 
report  is  intended  to  embody  all  that  is  known  concernin<]^ 
the  geographical  outlines  of  the  various  formations  embraced 
within  the  State.  With  the  exception  ot  the  southeastern 
part  of  the  State,  the  outlines  of  the  geology  of  which  have 
been  more  minutely  laid  out  by  Mr.  W.  D.  Hurlbut,  of 
Rochester,  Minn.,  this  map  is  to  be  regarded  as  only  an  ap- 
proximation to  the  actual  bearing  ot  the  strata,  the  bounda- 
ries of  which  are  marked  by  tortuosities  which  it  will  be  the 
future  work  of  the  survey  to  carefully  trace  out. 

It  becomes  my  pleasant  duty  to  acknowledge  the 
active  interest  and  aid  of  the  President  of  the  University  in 
the  initiation  of  the  survey  in  various  matters  of  administra- 
tive courtesy  touching  its  relation  to  the  University.  Rooms 
have  been  provided  in  the  University  building  for  the  sto- 
rage Qf  specimens  and  for  laboratory  work  :  and  the  nucleus 
ot  a  geological  museum   has  already  been  established. 

Mr.  W.  D.  Hurlbut,  of  Rochester,  who,  as  a  pioneer  in 
the  scientific  development  of  the  geology  of  southern  Minne- 
sota, has  gathered  information  which  it  would  require  sev- 
eral seasons  of  field-work  for  one  man  to  collect,  has  freely 
aided  me  by  giving  all  the  information  in  his  possession,  and 
has  spent  considerable  time  gratuitously  in  guiding  me  to 
points  of  interest.  The  preliminary  map  accompanying  this 
report  shows  the  minuteness  with  which  he  has  observed 
the  geological  boundaries  in  that  part  of  the  State. 

Prof.  Wm.  P.  Phelps,  of  the  Normal  School  at  Winona, 
has  given  much  information  concerning  that  section  of  the 
State,  and  has  accompanied  me  to  various  places  of  geolog- 
ical importance.  His  collection  of  fossils  from  the  Urenlon 
and  other  Silurian  rocks  stored  in  the  museum  of  the  Nor-- 
mal  School,  has  been  opened  for  examination  and  study. 
He  has  donated  to  the  geological  museum  of  the  University 
plaster  casts  of  some  of  the  largest  and  most  perfect  speci- 
mens of  trilobites  ever  found  in  the  State  of  Minnesota. 

Mr.  A.  J.  Hill,  of  St.  Paul,  has  enjoyed  unusual  facilities 
for  collecting  the  most  complete  information  concerning  the 
relative  altitudes  of  different  parts  of  the  State  as  shown  by 
railroad  profiles,  and  has  tendered  to  the  survey  the  tree  u^e 
of  all  his  tables. 

Dr.  H.  H.  Guthrie,  of  St.  Charles,  and  Mr.  A.  Van 
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Yorhes,  ot  Stillwater,  guided  me  in  making  observations  at 
thoBe  places ;  giving  me  much  valuable  information. 

Mr.  Frank  WilsoUy  of  Mantorville,  has  placed  in  the  Uni* 
▼trsity  museum  a  largo  collection  of  iossils  from  the  Galena 
Limestone^  on  temporary  deposit.  For  the  benefit  of  the 
geological  survey  he  has  submitted  them  for  examination 
and  nomenclature. 

The  St.  Paul  &  Sioux  City,  and  Sioux  City  &  St.  Paul 
R.  R.,  the  Northern  Pacific  R.  U.  and  the  Southern  Minne- 
sota R.  R.  have  materially  aided  in  the  prosecution  of  the 
field-work,  by  granting  continuous  passes  on  their  roads. 
The  Winona  &  St.  Peter  R.  R.  has  also  granted  trip  passes 
on  application. 

Iq  general  the  people  of  the  state,  so  far  as  I  have  come, 
in  contact  with  them,  have  manifested  much  interest  in  the 
Burvey,  and  expressed  a  willingness  to  aid  in  its  progress  in 
«vcry  way  in  their  power. 

Allow  me  to  thank  you  for  the  cordiality  with  which  you 
have  officially  counseled  and  aided  me  in  making  the  pre- 
liminary reconnoissance,  and  for  personal  favors  at  your 
hands. 

Very  respectfully, 

N.  H.   WiNCHELL, 

State  Geolgoist. 
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I. 

HISTOmCAL  SKETCH  AND  LIST  OF 
PUBLICATIONS 

RELATING  TO  THE  GEOLOGY  AND  NATURAL 
HISTORY  OF  MINNESOTA. 


The  earliest  published  accounts  of  the  natural  features  and 
resources  of  Minnesota  are  found  in  the  writings  of  the 
Jesuit  missionaries.  These,  however,  are  generally  too 
vague  or  too  general  in  their  statements  to  be  of  much  sci- 
entific value.  The  first  printed  account  and  distinct  mention 
of  the  Mississippi  river,  within  the  limits  of  Minnesota, 
seems  to  be  that  of  Father  Hennepin,  who  visited  the  Falls 
of  St.  Anthony  in  1680,  and  gave  them  their  name,  although 
Father  Marquette  discovered  the  river  at  lower  points  a» 
early  as  1673.  Father  Hennepin's  book,  published  at 
Utrecht  in  1679«  has  the  following  title :  Voyage  <m  nou- 
velle  decouvei'te  d'  un  tres  grand  pays  dans  L*  Amerique  enlre 
nouveau  Mexique  tt  la  mer  glaciale  par  le  JR.  P.  Louis  Hen- 
nepin^  avrc  toutes  les  particularitez  de  ce  Pais^  <&  de  celui 
connue  sous  le  nom  de  La  Louisiane;  les  advantages  qu^  on 
en  pent  tirer  par  V  etablissement  des  colonies;  enriche  de 
Carles  Oeographiques:  augmenfe  de  quelques  figures  en 
laille  douce; — avec  un  voyage  qui  coniienie  une  Relation 
eocade  de  V  Origine^  Moeurs^  Coutumes^  Religion^  Guerres^ 
&  Voyages  des  Caraibes  sauvages  des  Isles  Antilles  de  VAm- 
erique^  faite  par  le  JSieur  De  La  Borde^  tiree  du  Cabinet  de 
Monsr.  lilondel. 

The  voyage  proper  of  Hennepin^  is  divided  into  seventy- 
six  chapters.     The  following  titles  show  the  relations  of 

some  of  these  chapters  to  the  State  of  Minnesota. 

•  •••••• 

XXXVI.  Depart  d'Auteur  en  Canot  du  Fort  Crevecoeur 
avec  les  deux  hommes,  dont  il  a  ete  parle,  pour  se  rendre 
aux  Nations  cloignees. 


'toy 
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XXXVII.  Quels  ont  ete  les  motifs  que  I'Auteur  a  eus 
ci-deYant  de  cacber  les  luemoires  qu'  il  avoit  de  cette  De- 
couverte  &  de  ne  les  pas  inferer  dans  la  Description  de  sa 
Louisiane. 

XXXVIII.  Continuation'  du  voyage  de  TAuteur  sur  le 
Fleure  Meschasipi. 

XXXIX.  Baisons  qni  nous  obligerent  de  remonter  le 
Fleuve  Meschasipi  sans  aller  plus  loin  rers  la  Mer. 

XL.     Depart  de  Eoroa  sur  le  Fleuve  Meschasipi. 

XLI.  Description  de  la  beaute  du  Fleuve  Mesc  hasipi, 
des  terres,  qni  le  bordent  de  part  &  d'autre,  &  qui  sont 
d'un  beaute'  ravissante  &  des  Mines  de  cuivre,  de  plomb,  & 
de  carbon  de  terre  qu'on  y  a  trou^a. 

XLII.  Description'  des  divers  langes  de  ces  peuples  & 
de  leur  soumission  a'  leurs  Chefs ;  des  Mannieres  differentes 
de  ces  peuples  de  Meschasipi  d'avec  ies  sauvages  du  Canada 
&  du  peu  de  Iruit,  qu'  on  peut  esperer  pour  la  Religion 
chretiene  parmi  eux. 

XLIII.  Description  de  la  peche  vue  nous  faissons  des 
etourgeons.  Crainte  de  nos  gens  qui  ne  vouloient  point  pas- 
ter en  remontant  pres  de  1'  embouchure  de  la  Riviere  des 
Illinois,  &  du  changoment  des  terres  et  du  climat  en  allant 
vers  le  Nord. 

LIX.  Les  sauvages  sont  halte  nu  dessus  du  saut  de  St. 
Antoine  de  Padoue.  lis  se  trouvent  en  necessite  de  vivres ; 
r  Auteur  va  avec  le  Picard  a'  Rievere  d'  Ouisconsin.  Aven* 
tores  de  leur  voyage. 

LX.  Chasse  des  Tortues,  le  canot  enleve'  a'  1'  Auteur 
par  un  vent  impetueux,  ce  qui  le  jette  dans  un  grande 
necessite  avec  son  compagnon  de  voyage. 

Memaire  sur  les  Moeurs^  Ooutumes^  et  Religion  des 
sauvages  de  V  Amerique  Septentrionale,  par  Nicolas  Perrot, 
pnblie  pour  la  premiere  fois,  par  le  R.  P.  J.  Tailhan  de  la 
compagne  de  Jesus,  1864.  12  mo.  341  pp.  <> 

This  valuable  memoir  remained  in  manuscript  from  1670 
till  1864  without  publication. 

In  the  latter  part  of  the  seventeenth  century  Baron 
La  Hontan,  Lord  Lieutenant  of  the  French  Colony  at  Pla- 
centia,  Mew  Foundland,  traveled  over  much  of  the  north- 
west, visiting  the  territory  now  embraced  in  Minnesota,  and 
describing  the  nations  and  many  ot  the  natural  features  of 
the  country,  His  book  is  entitled*:  New  Voyages  to  North 
America  J  containing  an  account  of  the  several  nations  of  thai 
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va$t  continent^  (heir  cuslomst  commerce  and  way  of  Navi- 
gallon  upon  the  Lakes  and  Rivers ;  the  severed  ailempfs  of 
the  English  and  French  to  dispossess  one  another  with  the 
relations  of  the  miscarriage  of  the  ^former  I  ami  the  various 
adventures  between  tlie  French  and  the  Iroquese^  confederates 
of  England,  from  1683  to  1694. 

Historical  Collections  of  Louisiana^  embracing  transla- 
tioDs  of  maay  rare  and  valuable  documents  relating  to  the 
natural,  civil  and  political  history  ot  that  State.  Part  IV. 
Bedfield,  New  York  1^52,  8  vo.  pp.  2>}8.  (map).  Contains 
original  narratives  by  Marquette,  AUouez,  Membre,  Henne- 
pin and  Douay,  relating  to  the  discovery  and  exploration  ot 
the  Mississippi  river. 

Early  voyages  up  and  down  the  Mississippi*  By  Cavalier* 
St.  Cosine,  Le  Sueur,  Gravier,  and  Geugnas,  with  an  intro- 
duction and  notes  by  John  6.  Shea,  Albany,  1861,  4to.  pp. 
191. 

The  travels  of  Jonathan  Carver  were  performed  in  1766, 
7  and  8.  His  may  be  regarded  the  first  contribution  to  the 
natural  history  of  the  country  bordering  on  the  upper  Mis- 
sissippi. His  work  is  printed  under  the  title  of:  Three 
Years'  Travels  throughout  the  interior  parts  of  North  Amer- 
tea.  Containing  an  account  of  the  lakes,  islands  and  riv- 
er.^,  cataracts,  mountains,  minerals,  soil  and  vegetable  pro- 
ductions of  the  northwest  regions  of  that  vast  continent, 
with  a  description  of  the  birds,  beasts,  reptiles,  insects  and 
fishes  peculiar  to  that  country,  together  with  a  concise  his* 
tory  of  the  genius,  manners  and  customs  of  the  Indians  in- 
habiting the  lands  that  lie  adjacent  to  the  heads  and  west  of 
the  river  Mississippi ;  and  an  appendix  desciibiug  the  uncul- 
tivated parts  of  America  that  are  the  most  proper  lor  form- 
ing settlements,  by  Jonathan  Carver,  Captain  of  the  provin- 
cial troops  in  America  16  mo.  pp.  280. 

Mr.  Schoolcraft's  first  expedition  to  the  sources  of  the 
Missii&ippi  river  was  performed  in  18'20.  His  report  was 
published  under  the  following  title:  Narrative  Jouriial  of 
travels  from  Detroit  northwest  through  the  great  chain  of 
lakes  to  the  sources  of  the  Mississippi  river  in  1820.  By 
Henry  R.  Schoolcraft,  performed  as  a  member  of  the  expedi- 
tion under  Governor  Cuss,  embellished  with  a  map  and  eight 
copper  plate  engravings,  8  vo.  pp.  419. 

In  the  year  1823  the  United  States  Government  ordered 
an  expedition  to  the  sources  of  the  St.  Peter  river,  lake  Win* 
nepeg  and  lake  ot  the  Woods,  the  report  of  which  was  pub- 
lished by  Congress. under  the  following  title:  Nan^ative  of 
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an  expedition  to  (he  ttourcea  of  the  St.  Peter  rivers  lake  Win* 
mepeek^  lake  of  tlie  Woods  (§c.,  porformed  in  the  yea^*  1823 
by  order  of  Hon.  J.  C.  Calhouu,  Secretary  of  War,  under 
the  command  of  Stephen  U.  Lfjng,  U.  8.  Topographical  En- 
giaecra.  2  vola.  pp.  458  and  248,  with  an  appendix  of  156 
pages. 

CONTENTS  OF  VOLUUE   I. 

Chapter  I.  Departure  from  Philadelphia — Greoiogy  ot 
the  Alleghanies — Cumberland  Road — Wheeling. 

Chapter  II.  Zauesvillo — Salt  and  Iron  Works — Co- 
lumbus— Piqua — Indian  Antiquities — Ohio  CanaU — Fort 
Wayne. 

Chapter  III.  Description  of  Fort  Wayne  and  Vicinity — 
Fur  Trade — Potawotamios. 

Chapter  IV.  Cary  Mission  House — Lake  Michigan — 
Chicago. 

Chapter  V.  Kock  Kiver — Menomones — Geology  of  the 
country  west  of  Lake  Michigan — Prairie  du  Cliien — Sauks 
and  Foxes. 

Chapter  VI.  Prairie  du  Chien — Indian  remains — Divis* 
ion  ot  the  party — Mississippi — Dacotah  Villages — Fort  St. 
Anthony  Falls — River  St.  Peter. 

Chapter  VII.  Geology  of  the  Mississippi — ^The  cxpedi« 
lion  ascends  the  St.  Peter's — Character  of  the  country — 
Arrival  at  Lake  Travers. 

Chapter  VIII.  Account  of  the  Dacotahs,  or  Sioux  Indi- 
ans— ^Their  division  into  tribes — ^Their  numbers,  language, 
manners  and  customs — ^Notice  of  Watonwan,  principal  chief 
of  the  Yanktonian  tribes—Description  of  the  Columbia 
Fur  Company's  Establishment  at  Lake  Travers. 

CONTENTS  OF  VOLUME  II. 

Chapter  I.  The  party  leave  Lake  Travers — They  fall  in 
with  large  herds  of  buffalo — Observations  upon  the  rovings 
of  this  animal — Meeting  with  a  war  party  of  the  Wahkpa- 
hotas  who  manifest  hostile  dispositions — Arrival  at  Pembina. 

Chapter  IL  Fort  Douglas  and  Lord  Selkirk's  Colony — 
Bark  Canoes — Lake  Winnepeek — Fort  Alexander — River 
Winnepeek — ^Rapids — Portages — Fine  Falls — Lake  ot  the 
Woods — North  western  most  point  of  the  Boundary  Line — 
Kainy  Lake  river  and  lake — Fort — Series  of  rapids  and 
iails — Dividing  Ridge — Falls  of  Kumanatekwoya — ^Arrival 
at  Fort  William. 
4 
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Chapter  III.  Account  of  the  Chippewa  ladiaDS^Their 
usages,  manners  and  customs. 

Chapter  IV.  Departure  from  Fort  William — Trap  forma- 
tions on  Lake  Superior — Michipecotton  House — Arrival  at 
Sault  St.  Marie — Conclusion  of  the  journey. 

Chapter  V.  General  description  of  the  country  traversed 
by  the  expedition,  designed  as  a  topographical  report  to  the 
War  Department,  by  S.  H.  Long,  U.  S.  T.  E.  (Divided 
into  seven  chapters.) 

CONTENTS  OF  THE  APPENDIX. 

Part  I.  Natural  History.  Zoology  by  Thomas  Say — 
Catalogue  and  descriptions.  Botany  by  Lewis  D.  de 
Schweinitz. 

Part  II.      Astronomy. 

Part  III.     Meteorology. 

Part  IV.     Indian   Vocabularies. 

Mons.  J«  C.  Beltrami,  who  started  out  as  a  member  of 
Major  Long's  party  of  exploration  to  the  sources  of  the  St. 
Peter  river,  patted  from  him,  and  exploring  the  Mississippi 
to  its  source,  published  his  observations  under  the  following 
title :  La  Decouverte  des  sources  du  Mississippi^  et  de  la 
river  sanglante. 

Descriptions  du  cour  entier  du  Mississippi  *  *  *  * 
av^sique  du  cours  entier  d  V  Ohio^  Observations  critico-philos' 
ophiques  sur  les  moeurs^  la  religion^  les  superstitions ^  les  cou^ 
tumeSf  les  armes^  les  c/iasses^  la  guerre^  la  paix^  le  nombre- 
menty  Vorigine^  <&c.^  i&c.*  4&c.^  de  plusieurs  nations  indi- 
ennes  »  ♦  *  *  »  Preuves  evidentes  que  le 
Mississippi  est  la  premiere  riviere  du  monde.  Par  J.  C. 
Beltrami,  Membre  de  plusieurs  academies,  1824,  pp.  327. 

Narrative  of  an  Expedition  through  the  Upper  Mississippi 
to  Itasca  Lake,  the  actual  source  of  this  river,  embracing  an 
exploratory  trip  through  the  St.  Croix  and  Burutwood  (or 
Brule)  rivers  in  1832,  under  the  direction  of  Henry  B. 
Schoolcraft.  (Published  by  Harper  &  Brothers,)  pp.  307> 
8vo. 

Besides  the  narrative  this  book  embraces  an  appendix,  aa 
follows : 

I.  Natural  History.  1.  List  of  shells  collected  by  Mr. 
Schoolcraft.  By  William  Cooper.  2.  Localities  of  minerals 
observed  in  1831  and  1832  in  the  northwest.  By  H.  K. 
Schoolcraft.  3.  Localities  of  plants  collected  in  the  north- 
western expeditions  of  1831  and  1832.  By  Douglas  Hough- 
ton,  M.  D.,  surgeon  to  the  expedition 
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II  Indian  Languages.  Part  of  a  course  of  lectures  on 
the  grammatical  structure  of  the  Indian  languages,  delivered 
before  the  St.  Mary's  Committee  of  the  Algic  Society.  By 
fl.  R.  Schoolcraft. 

III.  Official  Reports^  embracing  among  others  a  report 
of  Dr.  Houghton  on  the  copper  of  Lake  Superior ;  dated 
Fredonia,  N.  Y.,  Nov.  14.  1881. 

Summary  Narraiive  oj  an  exphraton/  expedition  to  the 
90urc€S  of  the  Mississippi  river  in  1820,  resumed  and  com* 
pkted  by  the  discovery  of  its  origin  in  Itasca  Lake  in  1832. 
With  appendices  comprising  the  original  report  of  the  cop- 
per mines  of  Lake  Superior,  and  observations  on  the 
geology  of  the  lake  basins  and  the  summit  of  the  Missis- 
sippi ;  together  with  all  the  official  reports  and  scientific 
papers  ot  both  expeditions.  By  Henry  R.  Schoolcraft. 
Philadelphia.     Lippencott,  Grambo  &  Co.,  1855. 

Besides  the  narrative,  the  following  scientific  papers  are 
included  in  the  appendix : 

I.     0/  the  Expedition  of  1820. 

Results  of  observations  for  latitudes  and  longitudes  during 
the  expedition  of  1820.  By  David  B.  Douglas,  Capt.  l^^ngi- 
neers,  U.  S.  A. 

Report  on  the  Copper  Mines  of  Lake  Superior.  By  H. 
R.  Schoolcraft. 

Observations  on  the  Mineralogy  and  Geology  of  the  coun* 
try  embracing  the  sources  of  the  Mississippi  river  and  the 
great  lake  basins.     By  H.  R.  Schoolcraft. 

Report  on  the  value  and  extent  of  the  mineral  lands  of 
Lake  Superior,  in  reply  to  a  resolution  of  the  U.  S.  Con- 
gress.    By  H.  R.  Schoolcraft. 

Rapid  Glances  at  the  Geology  of  Western  New  York  be- 
yond the  Rome  Summit,  in  1820.     By  H.  R.  Schoolcraft. 

A  memoir  on  the  Geological  Position  of  a  fossil  tree  in 
the  secondary  rocks  of  Illinois.  Albany,  N.  Y.  £.  &.  £. 
Hosford,  pp.  18.     1822.     By  H.  R.  Schoolcraft. 

List  ot  plants  collected  by  Capt.  D.  B.  Douglass  at  the 
sources  of  the  Mississippi  river.  Am.  Jour.  8ci  and  Arts. 
Vol.  4  p.  56.    By  John  Torrey,  M.  D. 

A  letter  embracing  notices  of  the  zoology  of  the  north- 
west. Addressed  to  Dr.  Mitchell  on  the  return  ot  the  ex- 
pedition.    By  H.  R.  Schoolcraft. 

Species  of  Bivalves,  collected  by  Mr.  Schoolcraft  and 
Captain  Douglass  in  the  northwest,  published  in  the  6tb  vol- 
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ume  of  the  Am.  Jour.  Soi.  pp.  120 — 259.  By  D.  H. 
BarDes. 

Fresh  water  shells*  collected  by  Mr.  Schoolcraft,  in  the 
▼alleys  of  the  Fox  and  Wisconsin  rivers.  Am.  Phil.  Trans. 
Vol.  5.     By  Mr.  Isaac  Lea. 

Summary  remarks  respecting  the  zoological  species  no- 
ticed in  the  expedition.     By  Dr.  Samuel  L.  Mitchell. 

Mus  Buaarius.  Medical  Repository.  Vol.  21,  p.  248. 
By  Dr.  Samuel  L.  Mitchell. 

tidurtis  tre-decem-striatus.  Med.  Bepos.  Vol.21.  By 
Dr.  Samuel  L.  Mitchell. 

Proteus  of  the  Lakes.  Am.  Jour.  Sci.  Vol.  4.  By  Dr. 
Samuel  L.  Mitchell. 

Memoranda  of  Climatic  phenomena,  and  the  distribution 
of  Solar  heat  in  1820.     By  H.  R.  Schoolcraft. 

IL     0/  (he  Expedition  of  1832. 

Limits  and  range  of  the  Cervus  Sylvestris  in  the  north- 
western parts  of  the  United  States.  Northwest  Journal. 
By  H.  R.  Schoolcraft. 

Description  of  the Fnngiliavefipertina  discovered  by  Mr. 
Schoolcraft  in  the  northwest.  Annals  of  the  New  York  Ly* 
ceum  of  Natural  History.     By  William  Cooper. 

List  of  shells  collected  by  Mr.  Schoolcraft  during  his 
expedition  to  the  sources  of  the  Mississippi  river  in  1832. 
By  William  Cooper. 

List  of  species  and  localities  of  plants  collected  during 
the  exploring  expeditions  of  Mr.  Schoolcraft  in  1831  and 
1832.  By  Douglass  Houghton,  M.  D.,  surgeon  to  the  es^po- 
ditions. 

A  report  on  the  existence  of  deposits  of  copper  in  the  trap 
rocks  of  Upper  Michigan.     By  Douglass  Houghton. 

Remarks  on  the  occurrence  of  native  silver  and  the  ores  of 
silver  in  the  stratification  of  the  basins  of  lakes  Huron  and 
Superior.     By  H.  R.  Schoolcraft. 

A  general  summary  of  localities  of  minerals  observed  in 
the  Northwest.     By  Henry  R.  Schoolcraft. 

Geological  outlines  ot  the  valley  of  Takwymenon,  in  the 
basin  of  Lake  Superior.     By  H.  R.  Schoolcraft. 

Suggestions  respecting  the  geological  epoch  of  the  deposit 
of  the  red  sandstones  ot  the  St.  Mary's  Falls  of  Michigan. 
By  H.  R.  Schoolcraft. 

Table  of  geographical  positions  observed  in  1836.  By  I. 
N.  Nicollet. 

'Digitized  by  VjiOOQ IC 


UNIVERSITY  OP  MINNESOTA.  29 

Report  of  a  Geological  Reconnoissance^  made  in  1835 /rom 
ike  eeat  of  Gfovemme^U  by  the  way  of  Green  Bay  and  the 
Wi90onsin  lenntwy  to  the  Coteau  de  Prairie^  an  elevated 
ridge  dividing  the  Missouri  from  the  8t»  Peter^s  river.  By 
6.  W.  Featberstonbaiigb,  U.  S*  Oeologist.  Dated  April 
22,  1836.  Printod  by  order  of  the  Sonate.  Doc.  333, 
pp.  168. 

Notes  on  the  Wisconsin  Territory,  particularly  ttith  refer* 
ence  to  the  Iowa  district,  or  Hlack  Hawk  Purchase  with  a  map. 
By  Lieut.  Albert  Lea,  U.  S.,  Dragooas,  1836,  16  mo.  53 
pages,  close  print. 

Rpport  intended  to  illustrate  a  map  oj  the  hydrographical 
basin  of  the  Upper  Mississippi  river.  By  I.  N.  Nicollet  in  em- 
ploy  under  tbe  bureau  of  tbe  Corps  of  Topographical  £ngi« 
neers,  and  under  instructions  dated  April  7,  1838,  pp.  170, 
26th  Congress,  2nd  Session,  Senate,  [237 J.  Printed  Feb. 
16,  1841,  500  copies  ordered:  Also  28th  Congress,  2nd. 
Mss.,  House  of  Keps.  [52],  Jan.  11.  1845,  1500  copies  or- 
dered. 

This  valuable  document  on  the  Upper  Mississippi  consists 
of:— 

Part  I.  Pbj'sical  Geography  of  tbe  region  embraced 
within  the  map,  with  incidental  notes  on  its  geology,  min- 
eralogy and  botany. 

Part  II.  Comprises :  determination  of  altitude  by  bar- 
ometer ;  determination  ot  time ;  determination  of  latitude ; 
determination  of  longitude ;  a  table  showing  results  of  ob* 
servations. 

[A  sketch  of  the  early  history  of  St.  Louis  was  prepared 
by  Mr.  ^ficollet  to  accompany  his  report,  but  as  he  died 
without  assigning  it  a  place  it  is  inserted  after  Part  I.] 

Appendix"**  A  "  is  a  table  of  geographical  positions  giving 
latitudes,  longitudes  and  altitudes  above  the  gult  of  Mexico. 

Appendix  **  B'Ms  a  catalogue  of  plants  collected  by  Mr. 
Charles  Geyer,  under  the  direction  of  Mr.  I.  N.  ^ficollet 
during  his  exploration  of  the  region  between  the  Mississippi 
and  Missouri  rivers.     By  Prof.  John  Torrey,  M.  D. 

Appendix  **  C'Ms  a  list  of  fossils  belonging  to  the  sev- 
eral lormations  alluded  to  in  the  report,  arranged  accord- 
ing to  localities. 

A  Canoe  Voyage  up  the  Minnay  Sotor,  with  an  ac- 
count of  the  lead  and  copper  deposits  of  Wisconsin,  of 
the  gold  region  ot  the  Cherokee  country,  and  sketches  of 
popular  manners,  &c.,  &c.,  &c.  By  G«  W.  Featherston- 
haugh,  F.  B.  S.,  F.  G.  S.  The  preface  is  dated  Dec. 
1846,  8vo.   Vol.  I  has  pp.  416,  Vol.  II  has  pp.  351. 
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Report  of  a  geological  survey  of  Wisconsin,  Iowa 
and  Minnesota,  and  incidentally  of  a  portion  of  Nebraska 
Territory*  Made  under  instructions  from  the  U.  S«  Treas- 
ury Department,  by  David  Dale  Owen,  U.  S.  Geologist, 
during  the  years  1847,  1848,  1849  and  1850.  4to,  pp. 
638,  72  wood  cuts,  27  steel  plates  18  colored  maps, 
stone  and  copper.  Philadelphia,  Lippencott,  Grambo  & 
Co.,  1852. 

This  volume,  embracing  ajfield  extending  from  St.  Louis 
to  the  British  line,  and  from  the  west  shore  of  Lake  Michi* 
gan  to  the  Missouri  river,  is  by  iar  the  most  valuable  con  - 
tribution  to  the  natural  history  of  the  northwest  that  had 
at  that  time  appeared.  It  throws  the  first  real  light,  derived 
from  the  systematized  science  of  modern  times  on  the 
geology  and  the  present  fauna  and  flora  of  Minnesota.  The 
works  of  Major  Long  and  of  Mr.  Schoolcraft,  mainly  nar- 
rative or  dealing  with  observations  incidentally  made  on  the 
geology  and  natural  history  of  the  routes  they  took,  embrace 
many  essential  facts  and  able  memoirs  on  special  subjects. 
"J'he  report  of  Dr.  Owen  is  both  comprehensive  and  detailed. 
He  had  a  numerous  corps  of  able  naturalists,  and  his  exami- 
nations were  sufficiently  prolonged  to  enable  him  to  gather 
reliable  facts  enough  to  lay  down  correctly  the  grouudwork 
of  a  vast  extent  of  scientific  research.  It  is  a  f.irtunato 
thing  for  geology  that  at  the  head  of  this  enterprise  was  a 
man  so  conscientious  in  his  statements,  and  so  careful  in  his 
researches.  It  is  no  rebuke  to  geology  to  say  that  it  has 
suffeied  less  from  its  open  foes  than  from  the  rash  generali- 
zations of  some  of  its  advocates.  Dr.  Owen  was  enabled 
not  only  to  prove  the  falsity  of  some  of  the  statements  of 
mere  tourists  who  had  passed  through  the  State,  but  to  es- 
tablish on  correct  paleontological  evidence  the  age  of  most 
of  the  bedded  rocks  of  Minnesota,  and  to  throw  much  light 
on  its  topography  and  soil.  It  would  bo  expecting  too 
much  to  look  for  a  pioneer  report  on  so  vast  a  field  that 
should  show  no  errors.  Some  of  these  have  already  been 
pointed  out  by  more  recent  observers  who  confined  their  ex« 
aminations  to  certain  parts  of  the  territoiy  on  which  Dr. 
Owen  reported.     Others  may  appear  hereafter. 

Dr.  Owen's  corps  consisted  oi  the  following  gentlemen  : 

J.  G.  Norwood,  Assistant  Geologist. 

J.  Evans,  B.  F.  Shdmard,  B.  C.  Mact,  C.  Whittxeset, 
A.  Litton,  B.  Owen,  Heado  of  Sub-Corps. 

G.  Wabbkk,  H.  Pratten,  F.  B.  Meek,  J.  Beal,  Sub* 
Assistants. 
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Dr.  Owen's  own  report,  coTering  the  first  206  pages  of 
the  volume,  is  divided  into  six  chapters.  He  gives  a  brief 
history  of  the  explorations  of  the  various  corps,  sketches  the 
difficulties  and  adventures  which  befell  them,  and  names  the 
salient  points  of  interest  in  the  progress  and  the  results  of 
the  survey,  in  the  Introduction.  The  chapters  are  as  fol- 
lows: 

Chapter  I.  Formations  of  the  Upper  Mississippi  and  its 
tributaries,  belonging  to  the  Silurian  period. 

Chapter  II.  Formation  of  Cedar,  and  part  of  Lower 
Iowa  river,  belonging  to  the  Devonian  period. 

Chapter  III.  Carboniferous  rocks  of  southern  and  west- 
ern Iowa. 

Chapter  IV.  Formations  of  the  interior  of  Wisconsin 
and  Minnesota. 

Chapter  V.    Formations  of  Lake  Superior. 

Chapter  VI.  Incidental  observations  on  the  Missouri 
river,  and  on  the  Mauvaiscs  Terres  (Bad  Lands). 

Dr.  Norwood's  Report  on  some  portions  of  the  country 
adjacent  to  Lake  Superior  consists  of: — 

Chapter  I.     Boundaries  and  topographical  notices. 

Chapter  11.  Descriptive  catalogue  of  the  rocks  referred 
to  in  his  report. 

Chapter  III.  Narrative  of  the  explorations  made  in 
1847,  between  La  Pointe  and  St.  Louis  river ;  and  between 
Fond  du  Lac  and  the  Falls  of  St.  Anthony,  and  on  the  St. 
Croix  river. 

Chapter  IV.  Physical  structure  and  geology  of  the 
northwestern  and  western  portions  of  the  valley  of  Lake 
Superior. 

Col.  Chas.  Whittlesey's  Report  pertains  to  that  portion  of 
Wisconsin  bordering  on  the  south  shore  of  Lake  Superior. 

Chapter  I.  General  description  and  geology  of  the  Bad 
river  country,  and  of  that  between  the  Bad  river  and  the 
Brule ;  with  descriptions  and  detailed  sections  of  rocks  like 
those  which  in  Michigan  are  copper-bearing ;  and  accounts 
of  the  magnetic-iron  beds  of  the  Penokie  Iron  Range,  and  of 
**  Iron  Ridge",  in  Dodge  county,  Wisconsin. 

Chapter  II.  Description  of  the  country  between  the  Wis- 
consin and  Menomonie  rivers ;  with  a  discussion  of  the  gen- 
eral geology,  and  its  relations  to  other  parts  of  the  North* 
west. 

Chapter  III.  Red  clay  and  drift  of  Green  Bay  and  Wis- 
consin. 
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Chapter  VI.  Barometrical  ancl  thermometrical  obserya-* 
lions. 

Chapter  V.     Lumbering  on  the  waters  of  Green  Biy. 

Dr.  B.  F.  Shumard's  report  pertains  to  local  and  detailed 
observations  in  the  valleys  of  the  Minnesota,  Mississippi  and 
Wisconsin  rivers. 

Chapter  I.  Detailed  observations  on  the  St.  Peter's  and 
Its  tributaries. 

Chapter  II.     Local  sections  ou  the  Upper  Mississippi. 

Chapter  III.  Local  sections  on  the  Wisconsin  and  Bar* 
aboo  rivers. 

Chapter  IV.  Observations  on  Snake,  Kettle  and  Bush 
rivers. 

Dr.  J.  Leidy  furnished  for  the  volume  a  memoir  on  the 
remains  of  extinct  Mammalia  and  Chdania  from  Nebraskai 
territory. 

The  a])pendix  embraces : — 

Aiticio  I.  Description  of  new  and  imperfectly  known 
genera  and  species  of  organic  remains  collected  during  the 
geological  surveys  of  Wisconsin,  Iowa  and  Minnesota.  By 
D.  D.  Owen. 

Article  II.  Descriptions  of  one  new  genus  nnd  twenty- 
two  new  species  of  crinoidea^  from  the  subcardoni/erou^ 
limestone  of  Iowa.     By  D.  D.  Owen  and  B.  F.  Shumard. 

Article  III.  Summary  of  the  distribution  of  orders,  ge- 
nera and  species  in  the  north-west. 

Article  IV.  Additional  chemical  examinations.  By  D. 
D.  Owen. 

Article  V.  Systematic  catalogue  of  plants  of  Wisconsin 
and  Minnesota.     By  C.  C.  Parry. 

Article  VI.  Table  of  stratigrnphical  and  geographical  dis- 
tribution of  genera  and  species  in  the  northwest. 

Pembina  iSettlemeiiL  Letter  from  the  Secretary  of  War 
transmitting  report  of  Maj.  Wood  relative  to  his  expedition 
to  Pembina  settlement,  and  the  condition  of  afiairs  on  th& 
northwestern  frontier  of  the  territory  of  Minnesota.  Mar. 
19,  1850.  8vo.  pp.  55.  Ex.  Doc.  No.  51,  31st  Cong.,  1st 
session. 

Letter  from  the  Secretary  of  War  communicating  the 
report  of  an  expedition  to  the  Territory  of  Minnesota.  By 
Brevet  Capt.  Pope,  Feb.  5,  1850.  Senate,  31st  Congress, 
1st  Scss.  Ex.  Doc.  No.  42,  pp.  5G.  Comprises  nine  chap- 
ters and  an  appendix  containing  tables  of  distances. 

Letter  from  the  Secretary  ot  War  transmitting  report  of 
Brevet  Captain  J.  L.  Ileno,  ou  the  survey,  &c.,  of  a  road 
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irom  Mendota  to  the  Bix  Sioux  ri\rer.  SSrd  Congress,  1st 
Session,  House  of  Reps.  [97],  pp.  12. 

Reports  of  explorations  and  surveys  to  ascertain  the  most 
practicable  and  economicsl  route  for  a  railroad  from  the 
Mississippi  river  to  the  Pacific  ocean.  Made  under  the  di- 
rection of  the  Secretary  of  War  in  1853-4,  according  to  acts 
of  Congress  of  May  3,  1853,  May  31,  1854,  and  August  5, 
1854.     Thirteen  volumes,  4  to.,  Washington,  1856-60. 

Single  papers. 

1.  Route  near  the  47th  and  49th  parallels  of  north  lati* 
tude.  Vol.  I,  pp.  39-55. 

2.  Synopsis  of  a  report  of  the  reconnoissance  of  a  railroad 
route  from  Pugct  Sound,  via  Smith's  Pass  to  the  Mississippi 
river.     By  Fed  W.  Lander,  C.  E.  Vol.  II,  pp.  45. 

Vol.  XII.  Parts  I  and  II  are  wholly  devoted  to  the 
Northern  Pacific  Rqute,  viz : 

Part  I.  Narative  and  final  report  of  exploration  for  a 
route  for  Pacific  R.  R.  near  the  47th  and  49th  parallel  of 
north  latitude,  from  St.  Paul  to  Puget  Sound.  By 
1. 1.  Stevens,  Governor  of  Washington  Territory,  1855,  pp. 
358.  41,  2  maps,  1  profile^  70  engravings. 

Part  II.  Botonical  Report,  pp.  7-76,  6  plates;  Zoologi- 
cal Report,  pp.  1-399,  76  plates. 

Letter,  upon  the  Agricultural  and  Mineral  resources  of 
the  northwestern  territories,  on  the  route  of  the  Northern 
Pacific  R.R.  By  Philip  Rilz,  Washington,  D.  C,  8  vo. 
pp.  8,  1868. 

Minnesota.  Its  place  among  the  States  ;  being  the  First 
Annual  Report  ot  the  Commissioner  of  Statistics,  J.  A. 
Wheelock,  for  the  year  ending  Jan.  Ist,  I860,  8vo.  pp. 
171. 

Minnesota.  Its  progress  and  capabilities;  being  the 
Second  Annual  Report  of  the  Commissioner  of  Statistics,^ 
for  the  year  1860  and  1861.  By  J.  A.  Wheelock.  8vo. 
pp.  126. 

Notes  on  the  Oeology  of  some  portions  of  Minnesota  from 
St.  Paul  to  the  western  part  of  the  State.  By  James  Hall, 
1866,  4to.  pp.  12.  Read  June  15,  1866,  before  the  Am. 
Assc.  Adv.  Sci.  at  Buffalo,  N.  Y. 

Survey  of  the  Upper  Mississippi  liiver.  Letter  from 
from  the  Secretary  of  War  in  answer  to  the  resolution  o^  the- 
House  ♦  *  ♦  with  General  Warren's  report  of  the 
surveys  of  the  upper  Mississippi  river  and  its  tributaries, 
8vom  PP*  116,  Sen.  Doc.  39th  Cong.  2d  Sess.  Feb.  15,  1867. 

Iteport  of  Gen,  Warren  on  the  survey  of  the  Upper  Mis^ 
6 
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sissippi  liiver^  for  the  year  ending  June  30,  1867.  8  vo.  pp. 
6.  [Printed  in  appendix  **  D  ",  Keport  of  the  Chief  of  En- 
gineers ;  and  as  Ex.  Doc.  No.  1.  House  of  Reps.  40th  Cong. 
2d  Sess.,  Sept.  14,  1867.] 

Report  of  Gen.  Warren  on  the  Survey  of  the  Upper  Mis- 
sissippi  River  Jor  the  year  ending  f  8  vo.  pp.  10,  40th 
Cong.,  2d  Sess.     Ex.  Doc.  247.  April  8,  1868. 

Report  of  Gen.  Warren  for  the  year  ending  June  30, 1868, 
on  the  Survey  of  the  Upper  Mississippi  River.  8  vo.  pp.  86. 
[Printed  in  Appendix  *<6",  Report  of  Chief  Engineers ; 
and  as  Ex.  Doc.  1,  Part  II.,  House  of  Reps.  40th  Cong.  3d 
Sess.  Aug  31,  1868.] 

On  certain  Physical  Features  of  the  Upper  Mississippi 
River.  By  G  Gen.  G.  K.  Warren.  Read  by  Gen.  War- 
ren before  the  Am.  Assc.  Adv.  Sci.  Aug.  1868«  Chicago,  III. 
[Printed  only  in  the  American  Naturalist  for  November 
1868.] 

Geology  of  Southern  Minnesota.  A  series  of  five  papers 
by  W.  D.  Hurlbut,  published  in  the  4th  volume  of  the  Min- 
uoBota  Teacher,  1871. 

Geological  Rambles  in  Minnesota.  Two  papers  published 
in  the  4th  volume  of  the  Minnesota  Teacher,  1871.  By  J. 
H.  Kloos. 

A  Cretaceous  baisin  iu  the  Sauk  Valley,  Minnesota.  By 
J.  U.  Kloos.  A  paper  published  in  the  Am.  Journal  of 
Science  and  Arts,  Jan.  1872,  dated  October  1871.  Con- 
densed and  republished  in  the  Minnesota  Teacher,  vol.  5. 
1872. 

The  first  State  Legislature  met  in  1859.  Although  it  was 
burdened  with  the  legislation  incident  to  the  organization  of 
the  various  institutions  of  the  new  State,  the  subject  of  a  ge- 
ological survey  and  its  evident  importance  to  the  material 
development  of  the  State,  received  due  attention.  A  law 
was  passed  ordering  at  once  a  reprint  of  portions  of  the  Ge- 
ological report  of  Wisconsin,  by  Professor  Daniels,  for  the 
years  1854  and  1858.  This  republication,  printed  in  1860, 
contained  Dr.  D.  F.  Weinland's  •*  Sketch  of  the  Lead  Re- 
gion", with  notes  on  the  evidences  of  iron  ore,  which  closed 
with  a  statement  of  the  <<  objects  of  a  geological  and  natural 
history  survey  ",  embracing  34  pp.,  dated  Cambridge,  Mass., 
Oct.  27,  1857.  It  also  embraced  a  paper,  read  before  the 
American  Geographical  and  Statistical  Society  on  the  81st  of 
February  1856,  by  Mr.  A.  S.  Hewitt,  on  the  *•  Statistics  and 
History  of  the  Production  of  Iron  *'.  pp.  47.  Five  hundred 
copies  ordered  printed. 
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The  Second  Legislature  passed  March  10, 18G0,  a  concur- 
rent resolution  providing  for  *«  Commissioners"  to  report  on 
the  Geology  of  the  IState,  and  to  submit  a  plan  for  a 
thorough  geological  survey  of  the  St(^te.  The  commis- 
sioners appointed  were  Charles  L.  Anderson  and  Thomas 
Clark.  These  gentlemen  submitted  separate  reports  under 
the  date  of  Jan.  2f>th,  1861,  making  an  octavo  pamphlet  of 
26  pages,  of  which  2,000  copies  were  ordered  printed. 
This  pamphlet  embraces  a  chapter  on  the  General  Geologi- 
cal Features  o.  Minnesota,  and  one  on  a  Plan  for  a  Geologi- 
cal Survey,  by  Mr.  Anderson ;  also  one  by  Mr.  Clark  on 
the  Meteorology  of  the  State,  and  another  on  Some  General 
Topographical  and  Geographical  Features  of  the  Nortb- 
western  portion  of  the  State.  The  (first?)  report  of  the 
State  Geologist,  Aug.  H.  Hauchett,  M.  D.,  is  a  pamphlet 
of  82  pages,  8vo.,  and  is  dated  New  York  City,  Nov.  13, 
1864.  It  was  made  in  pursuance  of  Executive  Instructions 
bearing  date  July  12,  1864.  It  contains  a  short  report  of 
ten  pages,  by  Dr.  Hancbett,  and  a  valuable  report  by  Mr. 
Clark  on  (1).  The  Physical  Geography  of  the  district  em- 
braced in  that  portion  of  the  State  bordering  on  Lake 
Superior.  (2).  A  discussion  of  the  Meteorology  of  the 
district.  (3).  A  list  of  the  leading  plants  and  trees  of  the 
<]i8trict.     500  copies  printed. 

The  first  report  of  U.  H.  Eames,  as  State  Geologist,  was 
made  in  pursuance  of  an  act  of  the  Seventh  Legislature,  and 
printed  in  1866.  Two  editions  of  3,000  copies  each  were 
ordered.  It  is  a  pamphlet  of  23  pages,  and  pertains  spec- 
ially to  <*The  Metaliferous  regiim  bordering  on  Lake 
Superior.''  It  gives  the  details  of  personal  explorations  and 
the  results  of  chemical  assays  of  ores  for  the  precious  metals. 

Report  ot  Explorations  in  the  Mineral  liegions  of  Minne- 
sota, during  the  years  1848,  1859  and  1864;  by  Col.  Chas. 
Whittlesey.  Printed  by  order  of  the  legislature  in  1866, 
8yo.  pp.  52,  close  type,  with  wood-cut  illustrations.  3,000 
copies  ordered « 

This,  by  far  the  most  valuable  State  document  pertaining 
to  the  geology  and  natural  history  of  the  State  that  has  yet 
appeared,  embraces  short  chapters  as  follows:  General 
Geology  ;  Phenomena  of  the  Drilt  Period ;  General  Eleva- 
tions in  Minnesota ;  Fluctuations  in  the  level  ot  the  lakes  ; 
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Climate ;  Notes  on  the  valley  of  the  Baragas  Biyer, 

**  **  Kawimbash  Rivery 
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Geological  Reconnoissance  of  the  Northern,  Middle  and 
other  counties  of  Minnesota.  By  Henry  H.  Eames,  State 
Geologist,  printed  in  1866,  8vo.,  58  pp.  This  pamphlet 
comprises  the  second,  and  last,  report  of  Mr.  Eames.  It 
embraces : 

A  brief  outline  of  the  different  formations  or  systems  of 
rocks  that  form  the  crust  of  the  earth ;  remarks  on  the  igne- 
ous, the  coaUbearing,  and  the  sandstone  and  limestone  rocks 
of  the  State ;  also  on  Peat ;  on  Mineral  and  Fissure  V«ins ; 
on  Agricultural  Chemistry ;  on  a  geological  reconnoissance 
«•  in  detail "  of  the  counties  of  St.  Louis,  Lake,  Itasca,  Ciiss, 
Todd,  Otter  Tail,  Douglass,  Stearns,  Morrison,  Benton, 
Sherbourne,  Redwood,  Cottonwood,  Ramsev  and  Washing- 
ton ;  together  with  results  of  assays  and  thermometrical  and 
barometrical  observations  in  the  months  of  June,  July  and 
August. 

Copper  bearing  veins  having  been  discovered  in  the  valley 
of  the  Kettle  river,  and  at  Taylor's  Falls,  in  the  valley  of 
the  St.  Croix  river,  the  Legislature  passed.  Mar.  2,  1865, 
an  act  to  aid  in  their  investigation.  The  report  of  Mr.  li. 
C.  D.  Taylor,  the  following  year,  consists  of  only  two  pages, 
incorporating  Mr.  James  HalPs  estimate  ol  the  copper  pros- 
pects of  that  district,  500  copies  printed. 

Indications  of  brine  having  been  discovered  at  Belle 
Plaine,  in  Scott  county,  the  Legislature  passed,  28th  day  of 
February,  1870,  an  act  appropriating  land  in  aid  of  a  boring 
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for  the  purpose  of  devclopinp;  the  salt,  should  auy  exist.  lu 
1871  another  similar  appropriation  was  made  by  the  Legis- 
btore,  coDditioual  on  a  favorable  report  by  a  competent 
geologist,  to  be  appointed  by  the  Governor.  Prof.  A. 
WiiiGheli,  of  Ann  Abor,  Mich,  haviag  been  so  appointed, 
fflide  the  required  examination ;  and  his  report,  dated  June 
17, 1871,  was  printed  by  order  of  the  Senate.  It  is  an  8vo. 
pftznphlet  of  16  pages.  Notwithstanding  the  unfavorable 
opinion  of  the  geologist,  the  Legislature  made  the  further 
appropriation,  Feb.  29, 1872,  of  six  other  sections  of  <'  State 
Salt  Lands/'  for  the  further  sinking  of  the  well,  making 
eighteen  sections  or  eleven  thousand  three  hundred  and 
twenty  acres  of  land  in  all.  No  brine  in  workable  quantities 
was  obtained. 

The  same  legislature  passed,  March  1st,  1872,  the  present 
comprehensive  law  placing  the  geological  and  natural  his- 
tory survey  uncler  the  direction  of  the  Board  of  Regents  of 
the  State  IJniversity.     This  law  reads  as  follows  : 

GENERAL  LAWS  OF  MINNESOTA,  1872,  CHAPTEB  XXX. 

An  Act  to  provide  for  a  Geological  and  Natural  History 
Survey  of  the  State  and  to  entrust  the  same  to  the  Uni- 
versity of  Minnesota. 

Be  it  enacted  by  the  Legislature  of  the  State  of  Minnesota  : 

Section  1.  It  shall  be  the  duty  of  the  board  of  regents 
•of  the  University  of  Minnesota  to  cause  to  be  begun  a  soon 
as  may  be  practicable,  and  to  carry  on  a  thorough  geological 
and  natural  history  survey  of  the  State. 

Sec.  2.  The  geological  survey  shall  be  carried  on  with  a 
view  to  a  complete  account  of  the  mineral  kingdom  as  rep- 
resented in  the  State,  including  the  number,  order,  dip,  and 
magnitude  of  the  several  geological  strata,  their  richness  in 
ores,  coals,  clays,  peats,  salines,  and  mineral  waters,  marls, 
cements,  building  stones  and  other  useful  materials,  the  val- 
ue of  said  substances  for  economical  purposes  and  their  ac* 
cessibility ;  also  an  accurate  chemical  analysis  of  f he  various 
rocks,  soils,  ores,  clays,  peats,  marls  and  other  mineral  sub- 
stances, of  which  complete  and  exact  records  shall  be  made. 

Seg.  3.     The  natural  history  survey  shall  include,  first 
an  examination  of  the  vegetable  productions  of  the   State, 
embracing  all  trees,  shrubs,  herbs  and  grasses  native  or  nat- 
uralized in  the  State;  second,  a  complete  and  scientific  ac- 
'Count  of  the  animal  kingdom  as  properly  represented  in  the 
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State,  including  all  mammalia,  fishes,  reptiles,   birds   and' 
insects. 

Sec.  4.  The  said  surveys  and  examinations  shall  be 
made  in  the  manner  and  order  following :  First,  the  geolog- 
ical survey  proper,  together  with  the  necessary  and  implied 
raineralogical  investigations,  all  of  which  shall  be  under- 
taken as  tsoon  as  may  be  practicable,  and  be  carried  forward 
with  such  expedition  as  may  be  consistent  with  economy 
and  thoroughness;  second,  the  botanical  examinations; 
third,  the  zoological  investigations;  provided, however,  that 
whenever  the  said  board  of  regents  may  find  it  most  econ- 
omical to  prosecute  different  portions  of  the  surveys  in  con- 
junction, or  that  the  public  interest  demands  it,  they  may, 
in  their  discretion,  depart  from  the  above  prescribed  order. 
And  in  the  employment  of  assistants,  in  the  said  surveys 
the  board  of  regents  shall  at  all  times  give  the  preference  to 
the  students  and  graduates  of  the  University  of  Minnesota, 
provided  the  same  be  well  qualified  for  the  duties. 

Sec.  5.  The  said  board  of  regents  shall  also  cause  to  be 
collected  and  tabulated  such  meteorological  statistics  as  may 
bo  needed  to  account  for  the  variety  of  climate  in  the  various 
parts  of  the  State ;  also  to  cause  to  be  ascertained  [by]  bar- 
ometrical observations  or  other  appropriate  means  the  rela< 
tive  elevations  and  depressions  of  the  different  parts  of  the 
State ;  and  also  on  or  before  the  completion  of  the  said  sur- 
veys, to  cause  to  be  compiled  from  such  actual  surveys  and 
measurements  as  may  be  nece&sary,  an  accurate  map  of  the 
State,  wliich  map  when  approved  by  the  Governor  shall  be 
the  official  map  of  the  State. 

Sec.  6.  It  shall  be  the  duty  of  said  board  of  regents  to 
cause  proper  specimens,  skillfully  prepared,  secured  and 
labelled,  of  all  rocks,  soils,  ores,  coals,  fossils,  cements, 
building  stones,  plants,  woods,  skins  and  skeletons  of  ani- 
mals, birds,  insects  and  fishes,  and  other  mineral,  vegetable 
and  animal  substances  and  organisms  discovered  or  exam- 
ined in  the  course  of  said  surveys,  to  be  preserved  for  pub- 
lic inspection  free  of  cost,  in  the  University  of  Minnesota, 
in  rooms  convenient  of  access  and  properly  warmed,  lighted, 
ventilated  and  furnished,  and  in  charge  of  a  proper  scien- 
tific curator;  and  they  shall  also,  whenever  the  same  mav  be 
practicable,  cause  duplicates  in  reasonable  numbers  and 
quantities  of  the  above  named  specimens,  to  be  collected 
and  preserved  for  the  purpose  of  exchanges  with  other  State 
Universities  and  scientific  institutions,  of  which  latter  the 
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Smithsonian  Institution  at  Washington  shall  have  the  prefer- 
enee. 

Sec.  7.  The  said  board  of  regents  shall  cause  a  geologi- 
cal map  of  the  State  to  be  made,  as  soon  as  may  be  practi- 
cable»  upon  which,  by  colors  and  other  appropriate  means 
and  devices,  the  various  geological  formations  shall  be  rep- 
resented. 

Sec  8.  It  shall  be  the  duty  of  the  said  board  of  regents, 
through  their  president,  to  make,  on  or  before  the  second 
Tuesday  in  December  of  each  and  every  year,  a  report 
showing  the  progress  of  said  surveys,  accompanied  by  such 
maps,  drawings  and  specifications  as  may  be  necessary  and 
proper  to  exemplify  the  same  to  the  Governor,  who  shall 
lay  the  same  before  the  legislature ;  and  the  said  board  of 
regents  upon  the  completion  of  any  separate  portion  of  the 
said  surveys,  shall  cause  to  be  prepared  a  memoir  or  final 
report,  which  shall  embody  in  a  convenient  manner  all  use- 
ful and  important  information  accumulated  in  the  course  of 
the  investigation  of  the  particular' department  or  portion, 
whicH  report  or  memoir  shall  likewise  be  communicated 
through  the  Governor  to  the  legislature. 

Sec.  9.  To  carry  out  the  provisions  of  this  act  the  sum 
of  one  thousand  dollars  per  annum  is  hereby  appropriated, 
to  be  drawn  and  expended  by  the  [said]  board  of  regents^ 
of  the  University  of  Miunesota. 

Sec.  10.  This  act  shall  take  efiect  and  be  in  force 
from  and  after  its  approval. 

Approved  March  1,  1872. 
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II. 

GENERAL  PRINCIPLES. 


The  science  of  geology  is  based  on  those  general  princi- 
ples whicliy  resulting  from  the  accumulated  observations  of 
its  advocates  during  the  last  half  century,  have  become  to 
the  geologist  himself  the  merest  alphabet  to  ivhich  he  sel- 
dom recurs  in  the  prosecution  of  bis  more  advanced  investi- 
gations. The  following  brief  statement  ot  those  principles 
is  here  given  for  the  benefit  ot  those  persons  who  are  not 
specially  acquainted  with  the  science,  but  yet  are  fascinated » 
perhaps,  by  its  wonderful  progress,  and  its  success  in  utiliz- 
ing Us  discoveries  to  the  general  good,  and  wish  to  compre- 
hend at  a  glnnce  the  sub*^structure  on  which  it  is  built.  It 
IS  not  an  occult  science.  Its  data  are  open  to  the  investiga- 
tion of  the  commonest  observer.  It  is  founded  on  such 
simple  things  as  the  running  of  brooks,  the  blowing  of 
winds,  the  rippling  of  waves,  the  shining  of  the  sun,  the 
cooling  of  heated  matter,  the  growth  of  vegetation  and  the 
death  of  animals  that  live  on  land  and  in  the  sea.  These 
everyday  operations  have  given  to  the  earth  its  external 
aspects,  and  have  left  their  history  in  the  rocks.  The  con- 
stancy of  the  present  laws  of  nature  through  the  lapse  of  the 
geological  ages,  is  a  pre-requisite  to  the  existence  of  the 
science.  Time,  as  the  word  is  commonly  understood,  must 
be  immensely  lengthened  out.  These  two  postulates  granted 
— that  time  is  long^  and  that  the  physical  laws  of  the  universe 
have  been  constant  throughout  time — and  nothing  more  is 
needed  for  the  foundation  of  the  science.  The  geologist, 
with  these  postulates,  and  by  the  aid  of  a  knowledge  of  the 
physical  laws  of  nature  derived  from  a  comprehensive  exam- 
ination of  the  earth  in  the  light  of  all  the  sciences,  may 
read  in  the  rocks  the  grand  changes  the  earth  has  undergone 
since  *Hhe  beginning."  The  failure  to  comprehend  the 
science  of  Geology  is  very  often  attributable  to  a  restricted 
acquaintance  with  the  principles  of  other  sciences  which  it 
involves ;  for  however  simple  the  first  processes  in  which  it 
begins,  those  processes  are,  when  duly  amplified,  very  often 
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the  starting  points  of  other  sciences  which  first  grew  up, 
expanded  and  usurped  the  whole  field  of  scientific  thought. 
It  is  a  simple  thing  to  observe  the  growth  of  a  plant  from 
the  seed — it  is  another  to  know  the  relations  of  that  plant  to 
others  by  which  it  may  be  surrounded,  and  by  botanical  clas- 
sification to  define  its  nature  and  structure.  It  is  an  easy 
thing  to  see  the  effect  of  the  sun's  rays  on  the  vegetation  of 
the  earthy  and  to  comprehend  the  cause  for  the  change  of 
the  seasons,  as  well  as  to  note  the  alternations  of  day  and 
night,  but  the  versed  astronomer  only  can  realize  the  full 
force  of  the  great  laws  involved  in  these  changes,  and  indi- 
cate their  effect  on  the  earth  When  acting  through  the 
lapse  of  ages.  It  is  an  easy  thing  to  note  the  freezing  up  of 
the  streams,  and  their  bounding  violence  on  being  released 
in  the  spring ;  to  see  the  destruction  of  forests  by  tempests 
and  by  fires  ;  to  observe  the  blowing  of  sands  and  the  dash- 
ing of  waves,  but,  although  these  things  are  very  simple, 
the  science  of  meteorology  is  too  abstruse  to  be  even  fairly 
appreciated  by  the  common  mind.  The  rusting  of  iron,  the 
decaying  of  wood,  the  cementation  of  gravel  by  percolating 
water,  the  demolition  of  rocky  outcrops  and  their  conversion 
into  soil  by  the  solvent  action  of  the  moisture  of  the  air  and 
of  overflowing  streams,  are  things  of  common  and  easy 
observation,  but  the  science  of  chemistry^  in  the  light  of 
which  they  alone  can  be  adequately  understood,  is  the  out- 
growth of  the  laws  of  occult  affinities  between  the  particles 
of  matter,  the  full  power  of  which  it  is  impossible  to  esti- 
mate, and  much  more  to  express.  Thus  all  the  sciences, 
and  notably  that  of  zoology,  have  yielded  up  to  the  geologist 
their  keys  to  the  arcana  of  nature,  and  have  assisted  in  inter- 
preting the  otherwise  uninteligible  records  which  lie  in  the 
rocks  ot  the  earth.  The  geologist  must  not  be  restricted  to 
the  mere  inspection  of  the  rocks,  for  he  has  to  question  the 
))otanist,  the  chemist,  the  zoologist,  the  astronomer,  and  the 
«[eueral  physicist.  These  are  in  a  broad  sense  his  aids.  By 
his  generalizations  the  society  ot  the  sciences  is  made  evi- 
dent, and  some  of  their  varied  bearings  one  upon  the  other 
are  adjusted,  and  expressed  in  their  full  significance.  In 
return  the  science  ot  geology  reflects  light  on  the  other  sci- 
ences. It  gives  greater  value  to  the  labors  of  the  minerul- 
^'gis^j  guides  the  miner  in  his  explorations,  opens  fields  for 
investigation  to  the  chemist,  shows  the  botanist  and  the 
zoologist  thousands  of  unnamed  and  unclassified  species, 
propounds  to  the  astronomer  the  glacial  epoch  for  oxplana- 
6 
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tioD,  and  explains  to  the  agriculturist  the  true  basis  of  the 
difference  in  soils. 

The  rocks  \vhich  are  classed,  in  general,  as  Granitic  and 
Metamorphic  are  those  which  appeared  first  above  the  waters 
of  the  universal  ocean,  or  have  since  been  upheaved  by  in- 
ternal forces  from  the  heated  mass  within  the  crust.  In  the 
former  case  they  have  been  dry  land  since  they  first  appeared 
above  the  ocean,  and  have  supplied  largely  the  materials  of 
the  later,  overlying,  sedimentary  formations.  In  the  latter 
case  they  have  been  protruded  upward  through  the  sedi- 
mentary rocks,  tilting  them  in  various  directions  and  so  frac- 
turing their  bedding  as  to  disclose  their  contents  to  the  geol- 
ogist. Kound  the  bases  of  these  early  granitic  areas  the 
currents  of  the  ocean,  driven  by  the  rising  and  falling  of  the 
tides,  by  the  rotary  motion  of  the  earth,  and  by  the  unequal 
distribution  of  the  heat  of  the  sun,  flowed  with  an  unceasing 
activity,  and  the  tumultuous  waters  beat  with  a  violence 
that  probably  is  never  witnessed  in  modern  days.  They 
were  thus  gradually  torn  down,  and  their  debris  was  spread 
over  the  uneven  ocean  bed  in  horizontal  layers  according  to 
the  direction  and  force  of  the  currents.  In  that  manner  the 
primordial,  or  Potsdam^  sandstone  was  formed.  It  hence 
everywhere  lies  at  the  base  of  the  evidently  sedimentary 
rocks.  It  was  deposited  in  the  bed  of  the  ocean.  If  it  now 
appears  as  dryland,  it  is  because  the  ocean's  bed  hns  risen 
above  the  water  level.  The  history  which  may  bo  read  from 
it  is  that  of  the  ocean's  bed.  It  tells  of  deep  waters  and 
shoal  waters,  of  muddy  bottoms  and  stony  bottoms,  of 
warm,  drying  sunshine  and  gentle  winds,  of  violent  currents 
and  stormy  seas,  of  impure  waters  heated  by  frequent  ejec- 
tions of  sulphurous  gases  from  below  the  thin  crust,  and  of 
chemical  reactions  that  to- day  are  the  familiar  steps  of  the 
laboratory.  It  reveals  the  earliest  of  created  beings.  They 
lived  in  the  ocean.  Their  remains  are  dug  out  of  the  hard- 
ened sediment  by  the  geologist,  and  he  calls  Xh^m^fossils. 
.  The  changes  that  continued  to  go  on  in  the  conditions  of 
the  earth*  owing  to  the  cooling  and  shrinking  of  the  interior, 
effected  various  changes  in  the  relative  prevalence  and  posi- 
tions of  the  land  and  water.  Additional  dry  land  appeared, 
thus  bringing  from  the  bed  of  the  ocean  a  part  of  the  freshly 
formed  Potsdam  /Sandstone.  A  period  of  repose  suflSced  for 
the  deposit  of  the  calcareous  material  of  the  Lower  Magtie- 
sian,  which  next  overlies  the  Potsdam.  This,  however,  was 
not  spread  over  the  earlier  sandstone,  except  where  the  lat- 
t  T  still  extended   below  the  ocean.      It  was  accompanied 
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with  new  and  more  abundant  forms  of  animal  life,  so  that  it 
may  be  certainly  distinguished  from  the  foregoing  and  from 
the  succeeding  formations.  The  conditions  of  the  oceanic 
watersy  were  such  that  chemical  reactions  resulted  in  the  pre- 
cipitation of  the  carbonates  of  lime  and  magnesia.  Silica, 
also,  seems  to  have  been  in  solution,  and  to  have  shared  in 
the  incessant  changes  in  the  surrounding  affinities.  These 
three  substances,  with  some  iron  and  traces  of  alumina  and 
manganese,  make  up  the  mass  of  the  Lower  Magnesian  Lime" 
stone.  The  prevalence  of  silica  in  the  form  ot  sand  gives  it 
also  the  name  of  Calciferous  jSandrock.  The  chert ,  in  its 
lower  portions,  is  also  largely  composed  of  siliceous  material. 
To  the  Loioer  Magnesian  succeeds  the  St.  Peter  Sand- 
stone.  That  in  turn  is  followed  in  ascending  order  by  the 
TyeiUon  shales  and  limestones.  Thus,  through  the  whole 
thickness  of  the  stratified  rocks  of  the  earth,  each  formation 
marks  an  epoch  in  the  history  of  the  ocean's  bed.  The  dry 
land,  constantly  increased  in  area,  gradually  bringing  to  the 
surface  the  sediments  of  the  latest  preceding  epoch.  Hence 
the  areas  of  the  various  formations  are  arranged  over  the 
face  of  the  country  in  broad  belts  in  consecutive  order,  re- 
vealing the  chronological  system  as  well  as  the  territorial 
accessions  with  which  the  continent  grew. 

The  rocks  thus  deposited  in  the  bottom  of  the  ocean,  and 
subsequently  raised  to  the  level  of  dry  land,  are  called  strat- 
ified or  aqueous,  in  distinction  from  the  earliest,  or  igneous, 
which  show  no  arrangement  into  beds.  The  lowest  sedi- 
mentary rocks  are  locally  so  changed  by  contact  with  escap- 
ing gases  and  molten  material  as  to  essentially  alter  their 
usual  character.  The  limestones  have  been  converted  to 
saccharoidal  marbles,  the  sandstones  to  quartzites,  the  clays 
and  shales  to  slates,  while  many  of  the  earliest  are  also  en- 
tirely changed  by  chemical  transformations  among  their  ele- 
ments, resulting  from  the  same  grand  agencies,  to  schists 
and  even  gneiss,  mica  and  hornblende  slate,  that  can  hardly 
be  distinguished  from  some  ot  the  igneous  rocks  themselves. 
The  geologists  of  Canada  even  report  granite  and  syenite, 
pertaining  to  the  Laurentian,  as  metamorphic  sedimentary 
rocks.     (See  Geology  of  Canada,  1863,  p  23.) 

It  is  evident  that  when  the  true  succession  of  the  rocks  of 
the  earth  has  once  been  made  out  by  the  study  of  their  per- 
manent characters,  the  geologist  may  enter  any  country 
however  remote  or  unknown  and  enter  fearlessly  on  the  work 
of  deciphering  the  age  of  its  rocks,  depending  solely  on  the 
universality  of  the  grand  principles  of  his  science. 
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A  complete  geological  history  of  the  past  can  be  read 
from  the  rocks  of  the  earth  only  by  the  study  of  causes  and 
effects  operating  in  the  present.     In  order  to  that  a   perfect 
acquaintance  with  the  various  departments  of  natural  science 
becomes  essential.     The   laws   of  physics,   chemistry   and 
astronomy  have  with  their  multiform  ramifications  played  as 
important  parts  in  the  early  geological  ages  as  they  now  play 
in  the  transactions  ot  every  day.     The  natural  forces  con- 
cerned in  vegtable  growth,  distribution  and  decay  are  in- 
volved in  the  deposition  and  preservation  of  the  coal  rocks 
in  their  proper  horiz3n.     Honce  botany  with  its  allied  sub- 
ject, meteorology,  is  embraced  in  a  perfect  knowledge  of  ge- 
ology.    The  identification  of  the  rocks  of  the  great    Coal 
JPcriodf  as  distinguished  from  others  containing  coal  is  based 
on  a  botanical  law,  a  distinction  in  plants.     As  to  zoology 
that  subordinate  department  derives  much  of  its  significance 
and  value  from  the  uses  it  subserves  to  geology.     Its  nomen- 
clature, and  its  principles  have  been  wonderfully  modified 
and  extended  by  the  discovery  and  proper  classification  of 
the  animal  forms  embraced  in  the  strata  of  the  earth's  crust, 
while  the  science  of  zoology  furnishes  to  the  geologist  the 
only  reliable  key  to  the  establiehmcnt  of  the  age  of  any  of 
the  stratified  rocks  of  the  earth.     All  characters,   except 
those  known  as  paleontological,  fail  of  permanence,   and 
cannot  be  depended  on  at  distant  points.     A  geological  sur- 
very  cannot  be  conducted,  much  less  completed,  without  a 
tull  examination  and  delineation  ot  the  animals  and  plants 
that  are  preserved  in  the  rocks  surveyed.     The  dead  past 
far  outnumbers  the  living  present.     It  is  with  the  greatest 
propriety   that   botanical  and  zoological   departments  are 
usually  attached  to  the  geological  surveys  undertaken  by  the 
various  states  of  the  Union  intended  to  embrace  also  the 
enumeration  of  living  species. 

The  subjoined  chart  of  geological  nomenclature  is  intended 
to  convey  an  idea  of  the  relation  of  Minnesota  to  the  great 
geological  seiics  of  the  earth,  and  to  express  the  probable 
equivalency  of  some  of  the  names  which  the  formations  have 
received  in  different  states  and  in  Europe. 
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III. 

THE  SURFACE  CONTOUR  OF  THE  STATE. 


The  intimate  relation  subsisting  between  the  geology  and 
the  topography  of  the  State  is  more  evident  than  in  some  of 
the  other  States  of  the  Union.  The  causes  which  determine 
the  location  of  the  great  continental  water  shed  are  those 
which  determined  the  existence  of  the  Laurentian  and  Lake 
Superior  ranges  of  igneous  and  metamorphic  rocks.  The 
area  of  these  rocks  in  Minnesota,  as  well  as  in  Wisconsin 
and  Michigan,  includes  some  of  the  sources  of  the  great  river 
systems  of  the  Northwest  and  of  the  continent.  From  this 
area,  since  pre-silurian  times,  streams  have  run  in  all  direc* 
tions  toward  the  ocean.  Within  this  area,  in  the  State  of 
Minnesota,  are  the  headwaters  of  the  St.  Lawrence  system 
of  drainage,  which  enters  the  Atlantic  ocf^an  toward  the 
rast;  those  of  the  Mississippi  which  enters  the  Gulf  of 
Mexico  toward  the  south,  and  those  of  the  Red  River  of  the 
North,  which,  taking  an  opposite  course,  finds  the  ocean 
level  toward  the  north,  through  Hudson's  Bay,  in  British 
America.  This  watershed  consists  not  in  the  form  of  a  defi- 
nite and  abrupt  ridge.  The  oldest  rocks  are,  on  the  con- 
trary, spread  out  over  a  very  extensive  region  of  flat  and 
often  prairie  country.  Occasional  knobs  of  these  rocks 
protrude  through  the  drift,  or  they  show  extensive  tracts  of 
denuded  surface,  rising  but  few  feet  above  the  surrounding 
level. 

While  in  general  these  rocks  form  the  principal  water- 
shed, in  some  parts  of  the  State  the  later  sedimentary  rocks 
rise  much  higher  and  give  origin  to  numerous  streams  which 
reach  the  main  yalleys  at  considerable  distance  from  the  gran- 
ite areas.  Such  an  elevated  area  of  sedimentary  rocks  occurs 
in  southern  Minnesota,  forming  there  the  summit  of  a  second 
watershed.  Freeborn,  Faribault,  Martin  and  Cottonwood 
counties  are  probably  the  most  elevated  in  the  State,  the  al- 
titude there  reaching  nearly  1,600  feet  above  the  ocean. 
How  much  of  this  extraordinary  elevation  is  due  to  a  mor- 
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aine-like  accumulation  of  drift,  it  is  impossible  to  say,  but 
probably  the  average  thickness  of  that  deposit  would  not  fall 
short  of  one  hundred  feet.  Streams  from  this  area  enter 
Iowa  toward  the  south,  some  also  running  northward  and 
joining  the  Minnesota  river.  The  course  of  the  surface 
drainage  is  in  this  case  dependent  very  little  on  the  charac- 
ter of  the  underlying  rock.  But  where  the  drift  is  lighter, 
the  direction  of  subordinate  streams  is  often  determined  by 
the  bearing  of  the  sedimentary  rocks.  A  stream  is  most 
likely  to  be  located  in  the  depression  caused  by  the  erosion 
or  other  destruction  of  the  outcropping  edge  of  a  soft  or  fri- 
able rock,  the  more  persistent  formation  adjoining  it,  above 
and  below,  forming  the  divides  between  itand  other  streams* 
Other  causes,  however,  principally  those  superinduced  by 
yundulations  in  the  strata  over  long  distances,  so  as  to  cause 
rjff.^  /them  to Jwfrr^the  direction  of  the  principal  or  tributary  val- 
/  lej's,  and  the  variations  of  level  brought  about  by  the  un- 
equal deposition  of  the  drift  during  the  prevalence  of  the 
ice  of  the  glacial  epoch,  have  very  generally  masked  the 
effect  of  unequal  erosion  of  the  strata  on  the  direction  of  sur- 
face drainage.  One  remarkable  instance  of  the  effect  of 
geological  causes  in  determining  the  location  of  valleys,  and 
hence  of  drainage  streams,  through  variations  in  the  hard- 
ness of  the  underlying  rock,  may  be  mentioned.  The  Mis- 
sissippi river,  from  a  short  distance  below  the  mouth  of  the 
St.  Croix  to  the  southern  boundary  line  of  the  State,  and  to 
the  mouth  of  the  Wisconsin  river  which  joins  it  at  Prairie  du 
Chien  from  the  east,  flows  through  a  tract  of  country  in 
which  the  drift  forces  acted  with  far  less  violence  than  in 
other  tracts  further  to  the  east  or  west,  or  even  further  to 
the  south.  Whatever  may  be  the  cause  of  the  comparative 
exemption  of  this  district  from  the  prevalence  of  the  drift  in 
that  latitude  in  other  parts  of  the  United  States,  it  is  a  fact 
80  observable  that  Mr.  J.  D.  Whitney,  some  years  ago,  de- 
nominated it  a  **  driftless  region '',  where  it  enters  the  State 
of  Iowa.  Hence  it  is  here,  if  anywhere,  that  the  character 
of  the  underlying  rock  would  influence  the  direction  of  drain- 
age. Throughout  this  distance  the  bluffs  of  the  Mississippi  are 
specially  elevated  and  rocky.  The  river  has  not  infre- 
quently cut  into  the  formations,  with  which  it  comes  in  con- 
tact, a  perpendicular  depth  of  over  six  hundred  feet,  exca- 
vating a  channel  often  of  four  or  five,  and  sometimes  of 
nearly  ten  miles  in  width.  Sometimes  old  channels  that 
have  been  abandoned  lie  along  one  side,  or  both,  and  are 
filled  with  water  only  during  the  freshet  season.     Through- 
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out  this  distance  it  follows  exactly  the  strike  of  the  Lower 
Silurian  rocks.  The  St.  Peter  Sandstone^  on  which  it  enters 
at  St.  Anthony's  Falls,  is  underlain  by  a  very  enduring  rock 
known  as  the  Lower  Magnesian  Limestone.  That,  in  order 
is  also  underlain  by  the  more  erosible  sandstones  of  the  St, 
Croix  valley.  Hence  we  have  an  enduring  limestone  rock 
intercalated  between  two  easily  destructible  sandstones. 
Yet  it  is  a  remaikable  fact  that  this  limestone,  the  strike  of 
which  would  ordinarily  form,  under  the  operation  of  natural 
causes,  a  ridge  or  divide  turning  the  surface  waters  in 
opposite  directions  into  the  valleys  of  the  sandstone  areas, 
forms  the  summits  of  the  river  bluffs  nearly  the  whole  dis- 
tance. The  river  has  not  only  cut  its  channel  through 
t^e  first  sandstone,  a  thickness  of  over  one  hundred  feet, 
and  the  Lower  Magnesian  Limestone,  a  thickness  of  about 
three  hundred  feet,  but  also  into  the  lower  sandstone  to  the 
depth  of  two  or  three  hundred  feet,  on  which  it  is  now  run- 
ning. At  the  present  time  the  river  lies  in  the  strike  of  the 
more  enduring  limestone,  the  overlying  sandstone  having 
retreated  from  the  immediate  river  banks.  Its  agency  in 
locating  the  river  is  only  manifest  by  the  existence  to  the 
present  day,  of  isolated  outliers  of  it,  in  the  form  of  the  well 
known  ** Trenton  Mounds,"  on  the  eastern  side  of  the  river, 
its  present  line  of  outcrop  running  some  miles  further  west. 
While  the  river  has  been  slowly  wearing  its  way  into  the 
Lower  Magnesian  LimesConSf  and  through  it  into  the  St. 
Croix  Sandstone^  on  the  line  where  the  overlying  St.  Peter 
Sandstone  predetermined  it,  the  St.  Peter  itself  has  almost 
entirely  disappeared  from  the  river,  and  been  lost  under  the 
attacks  of  the  elements,  its  substance  having  been  spread 
o^er  the  high  prairies,  or  on  the  low  bottom  lands,  as  the 
principal  ingredient  of  the  rich  loams  which  characterize 
that  portion  of  Minnesota.  Hence  we  also  have  the  singular 
phenomensr  of  a  slight  descent  in  the  surface  of  the  country 
westwardMrom  the  tops  of  the  bluffs  of  the  Mississippi,  in 
southern  Minnesota,  while  the  streams  tributary  to  it  actu- 
ally reach  it  by  flowing  to  the  east.  This  can  be  explained 
only  on  the  supposition  that  the  St.  Peter  Sandstone  for* 
merlyhadits  outcrop  about  where  the  Mississippi  now  runs, 
forming  then  there,  as  it  forms  now  along  its  line  of  junc- 
tion with  the  Lower  Magnesian  Limestone^  a  marked  depres- 
sion in  the  general  surface,  but  that  in  the  lapse  of  time  its 
line  of  outerop,  and  necessarily  that  of  all  overlying  rocks, 
was  driven,  by  the  operation  of  destructive  agencies,  further 
to  the  west,  leaving  the  next  lower  formation  to  round  out 
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the  bluffs  along  the  river,  The  tributary  streams,  havinjf 
once  entered  the  Mississippi  from  the  west,  would  keep  their 
beds  also  eroded  down  to  a  level  with  that  river,  and  would 
continue  to  enter  that  stream  by  passing  in  like  manner 
between  high  and  rocky  banks,  which  would  attain  their 
greatest  height  just  at  their  union  with  the  bluffs  of  the  Mis* 
sissippi.  At  Prairie  du  Chien  the  direction  of  the  strike  ot 
the  dl*  Petei*  Sandstone ^  and  of  all  the  Silurian  rocks 
changes,  and  passes  away  from  the  Mississippi  valley  toward 
the  east.  But  the  Wisconsin  river  bears  the  same  relation 
to  the  St.  Peter  Sandstone^  running  along  its  ancient  line  of 
bearing,  its  main  outcropping  edge  being  driven  away  from 
the  immediate  valley  toward  the  south,  while  outliers  on 
the  northern  side  attest  its  former  prevalence  intact  over  the 
whole  valley. 

Enough  has  been  said  to  show  the  importance  ot  a  knowl- 
edge of  elevations  above  a  common  level  at  all  ascertained 
points  throughout  the  State.  Efforts  have  been  made  to 
obtain  the  hypsometrical  data  of  the  State  complete  up  to 
the  present  time,  so  far  as  indicated  by  railroad  or  other 
surveys.  The  following  list  oi  elevations  is  the  result.  To 
this  list  additions  will  be  made  from  time  to  time.  The 
figures  show  the  altitudes  of  the  points  named  above  Lake 
Superior,  and  above  the  ocean.  When  not  otherwise  men- 
tioned, the  points  given  are  on  the  grade  of  the  road. 
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On  the  line  of  the  Lake  Superior  Jb  Mieeieeippi  R.  B. 

FURNISHED  BT  A.  J.  HILL. 


Miles 

from 

Bdloth. 


0 

0 

24 

83 

45 
60 

78 


80 
86 

90 


101 


118 

128 
126 
129 
183 
188i 


188 

148 
145i 

1514 
155 

155 


Above 

Lake 

Superior 


Surface  of  Lake  Superior  at  Dalath  In  1870. 

Daluth 

Thomson.    Dalles  of  the  St.  LoqIs  river. .. 
Uigh«sst  polDt  on  entire  line,  both  of  grade 

and  natoral  sorface 

Moose  liake  depot 

Kettle  River  depot.    (Ground  a  little  to  the 

north  and  south  is  15  to  20  feet  higher).. 

Hinckley,  at  Grindstone  river 

Lowest  place  between   Hinckley   and   next 

summit 

Summit 

Summit   (20  feet  higher  than  at    i  mile  to 

theN.  orS.) 

Pine  City,  at  Snake  river 

Two  and  a  half  miles  south  of  Snake  river,  at 

summit 

Rush  City,  at  creek 

Descending  gradually   ftom    Rush   City  to 

Goose  Lake 

Goose  Lake ......•• 

Between  Goose  Lake  and  N.  Branch 

N.  Branch,  at  creek 

Between  N.  Branch  and  Wyoming 

Wyoming,  at  the  river 

Wyoming  depot 

Forest  Lake  depot 

Summit  between  Forest  Lake  and  Rice  Creek 

Rice  Creek 

Country  generally  level  for  five  miles  south  of 

Rice  Creek * 

Centreville  depot 

Junction  at  White  Bear  Lake 

Summit  between  White  Bear  Lake  and  St. 

Paul  (8  feet  cut) 

Between  Phalen's  Lake  and  St.  Paul 

Lowest   known  water   in") 

Miss.  R.  at  St.  Paul....  (Extreme  range  > 
Highest  known   water  in  f       21  feet.        5 

Miss.  R.  at  St.  Paul J 


0 
5. 

427 

566 
452 

512 
423 

405 
423 

885 
844 

878 
ZQ8i 


286 
815 
288 
806 
287 
297 
804 
858 
816 


827 
820 

859 

270 

76 
97 


Above 

the 
Ocean. 


600 

605 

1027 

1166 
1053 

1113 
1028 

1005 
1028 

985 
^44 

978 
908& 


886 
915 
888 
906 
887 
897 
904 
1)58 
916 


927 
920 

959 

870 

676 
697 
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On  the  Um  of  the  Northern  Pacific  B.  B. 

FURNISHED  BY  W.  MILNOB  BOBEBTS,  CHIEF  ENGINEEB. 


Miles 

ftrom 

Duluth. 


0 
24 
24.2 
27 
84 
34.1 
41.7 
44.7 
46 
51.7 
51.9 
55.2 
58.1 
62-2 
62.8 
66.4 
72.8 
73.8 
76 
76.5 
80  8 
83.5 
85.3 
87.1 
87.7 
1)0.2 
dl.8 
«7.5 
98.2 

a03.6 

115 

J115.5 

J20.6 
120  9 
122.5 
J24.7 
127.C 
128.2 
3835 
136.5 
137. 1 
141.5 
143.3 
150.9 
151.3 
151.5 
156.3 
1156.5 
158.2 


Duluth  (level  of  L.  Superior)  about.... 

Juuctiou  ( natnral  ground). 

Juncilou  (grade) ^ 

Oiter  Creek  (bed  of  creek) 

(Natural  ground) 

Norman  (grade) 

KelUe  River  (bed  of  the  river) 

( Natural  ground) 

Island  Lake  (grade) 

Tamarack  lilyer  (bed  of  the  river) 

(Natural  ground) 

(Natural  ground) 

SIcottes  (grade) 

Hay  River  (bed  of  tlie  river) 

(Natural  ground) 

Sandy  Biver  (bed  of  the  river) 

(Natural  ground) 

(Natural  ground ) 

KIroberly  (grade) 

Ulce  Bivor  (bed  of  the  river) 

(Natural  Ground) 

Slsabagama  Creek  (Bed  of  creelc) 

(Natural  surface) 

Aiken  (Grade) 

Mud  river  (Bed  of  the  river) 

(Natural  Ground) 

Cedar  river  (Bed  of  tlie  river) '. 

(Natural  surlace ) 

Withington  (Grade) 

(Natural  Surface) 

Brainard  (Grade) 

Mississippi  river  (Bed  of  Rivor) 

Banks  of  the  Mi8.sisslppl  river  (Grade) 
Frenchman's  (Grade) 

(Natural  ground) 

Gull  river  (Bed  of  the  river) 

(Natural  ground) 

Pillager  creek  ( Bed  ol  creek) 

Pillager  (Grade) 

(Natural  ground) 

Crow  Wing  river  (Bed  of  the  river)... 
Motley  (Grade) 

(Natural  ground) 

Ua>den'a  Branch  (Bed  of  creek) 

( N aturai  ground) 

Aldrlch  (Grade) 

Partridge  river  (Bed  of  river) 

(N  aturai  ground) 

Wing  River  (Bed  of  river) -.•• 

(Natural  ground) 


Above 

Above 

Lake 

the 

Superi'r 

Ocean. 

0 

600 

479 

1079 

480 

1080 

626 

1126 

733 

1333 

722 

1328 

685 

1285 

729 

1329 

705 

1305 

685 

1285 

709 

1309 

678 

1278 

665 

1265 

622 

1222 

638 

1238 

613 

1213 

612 

1212 

C60 

1260 

631 

1231 

€03 

1203 

048 

1248 

600 

1200 

635 

1235 

602 

1202 

586 

1186 

618 

1213 

593 

1193 

699 

1299 

666 

1266 

697 

1297 

604 

1204 

538 

1138 

604 

1204 

599 

1199 

606 

1206 

561 

1161 

604 

1204 

566 

1166 

680 

1180 

622 

1222 

597 

1197 

620 

1220 

660 

1250 

624 

1224 

742 

1342 

726 

1326 

704 

1304 

747 

1347 

712 

1312 

757 

1357 
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On  the  line  of  the  Northern  Pacific  B.  B.— Continued. 


Miles 

firom 

Dalath. 


161.8 

161.9 

164.1 

166.4 

174  8 

177.2 

188.4 

165.5 

190.7 

192.6 

195.4 

196.1 

196.2 

201.4 

205.8 

206.6 

210.7 

210.9 

218  6 

214.7 

217 

219.2 

224.2 

226.6 

227.4 

280.1 

280.4 

281.4 

284.9 

288.8 

242 

248.2 

252 

252.2 


Union  creek  (Bed  of  creek) 

Wadena  (Grade) 

(Natural  Ground). . . 

Leaf  river  ( Bed  of  river) 

Frazee  (Grade) 

Natural  Ground)... 

Otter  Tall  river  (Bed  of  river 

Perham  (Grade) , 

(Natnral  Ground) ... 
Otter  Tail  river  (Bed  of  river). ... 
Hobart  (Grade) 

(^faturalGroond)... 
Otter  Tail  river  (Bed  of  the  river). 

(Natural  Ground)... 
Pelican  river  (Bed  of  the  river).. . 
Detroit  (Grade) 

(Natural  Ground) . . 

Oak  Lake  (Grade) 

Andubon  (Grade) 

(Natural  Ground)... 

(Natural  Ground).  •• 

Lake  Side  (Grade) 

Hay  creek  (Bed  of  creek) 

Hay  creek  (Bed  of  creek) 

Buffalo  river  ( Bed  of  river) 

Buffalo  river  ( Bed  of  river) 

Hawley  (Grade) 

(Natural  Ground).  •• 

Muskoda  (Grade) 

Buffalo  river  ( Bed  of  river) 

Red  River  Flats  (Natural  Ground). 

Glyndon  (Grade) 

Moorhead  (Grade) 

Red  river  (Bed  of  River) 

Red  River  Banka  (Natural  Ground) 


Above 

Lake 

Superior 


720 
749 
754 
707 
8U9 
881 
718 
766 
779 
735 
784 
802 
758 
820 
787 
76'i 
806 
7«7 
708 
667 
748 
788 
600 
567 
550 
582 
650 
595 
488 
8^8 
878 
828 
804 
257 
802 


Above 

the 
Oceaa. 


1820 
18i9 
1854 
1807 
1409 
1481 
1818 
1866 
1879 
1885 
1884 
HOi 
1858 
1420 
1887 
1862 
1406 
1867 
1808 
1267 
1849 
1888 
1200 
1167 
1150 
1182 
1150 
1195 
1088 
988 
978 
923 
904 
857 
902 
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ANNUAL  BBPORT. 


On  f&e  line  of  the  St.  Patd  and  Sioux  City  and  Sioux  City  andl 
St.  Paid  B.  Be. 

FURNISHED  BY  HON.  E.  F.  DRAKE. 


Miles 

trom 

SCPaul. 


47 

52 

58 

63 

69 

77 

86 

90 

100 

110 

121 

180 

187 

148 

148 

154 

160 

170 

178 

188 

196 

245 


Belle  Plalne.... 

Blakeloy 

East  Henderson. 

Le  Saeur 

OttawR 

Kasota 

Mankato 

Sonth  Bend.... 
Lake  Crystal.. • 

Madelia 

St.  James 

Butterfleld 

Mountain  Lake. 
Bingham  Lake.. 

Windora 

Wilder 

Heron  Lake .... 

Hersey 

Worthington... 

Bigelow 

Sibley 

Le  Mars 


Above 

Lake 

Snperor 


181 
185 
191 
211 
247 
258 
249 
266 
453 
898 
458 
563 
677 
797 
726 
823 
794 
865 
963 
1008 
885 
596 


Above 

the 
Ocean. 


781 

786 

791 

811 

847 

853 

849 

866 

1053 

998 

1058 

116a 

1277 

1897 

1326 

142fr 

1394 

1465 

1563 

1603 

1486 

1196 


St.  Paul  and  Pacific  R.  B.—Main  Line. 

FROM  THE  RECORDS  IN  THE  OFFICE  OF  THE   CHIEF   ENGINEER^ 
C.  A.  F.  MORRIS.      BT  N.  H.  W. 


0 
0 
0 
0 


9.5 


Low  water  in  Mississipjii  river  at  St.  Paul. . . . 

St.  Paul  depot ^ 

Base  of  the  Capitol,  8t.  Paul 

Bluffs  back  of  the  Capitol- 
Head  of  Robert  street 

Summit  avenue  bluff 

Summit  between  St.  Paul  and  St.  Anthony  (8 

feet  cut) 

Junction  at  St.  Anthony 


76 

89 

182 

SOI 
810 

? 
229 


676 
689 
782 

901 
910 

? 

829 
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St.  Patd  and  Pacific  R.  R.—Main  Line— Continued. 


HUes 
firom 


9.5 

10.5 
9.5 

17 
24 

28 

40 

40 

4«» 

5li 

54 

57 

59 


62 

64 

67} 

68.5 

69.5 

72 

79 

86 

•89 

91 

92 

95.5 

98 
105 
110.5 
118 
127 
132 
134 

135.5 
135  J» 
Ul 

U7 

150 
151.5 
155.5 
155.5 
159 
.161 
167.5 
178 


Mississippi  R.  (low  water)  at  Nicollet  Island, 
8t  ADthony •• 

Minaeapolls  station •• 

Mississippi  B.  (low  water)  half  mile  below 
St.  Anthony  Falls) 

Self's  Lake  (water) 

Wayzata  Station 

Lake  Minnetonka  (water) 

Long  Lake  Station 

Crow  RiTer  crossing  (track) 

Delano k 

Wa^erly  Station 

Twelve  Mile  Creek 

Howard  Lake 

Smith  Lake 


Sacker  Creek  (track)  •• 
Sacker  Creek  (water) . 


Cokato  StaUon  (at  Colllngwood  Creek)  • 


Level  of  Marsh. 


Darwin  (Big  Prairie) p 

Litchfield  Station 

Swede  Orore  Station 

Anderson's  Hill  (cat  15  feet) 

Summit  ( Atwater) 

Cot  lOi  feet 

Highest  point  on  line  (cat  3  feet) 

Very  rolling  surface  to  Kandiyohi  Station.. 

Willmar  (Foot  Lake) 

St.  John's 

Nearly  level  to  Klrkhoven 

Smooth  surface  to  De  Graff  Station 

Sharp  summit  (cut  16  feet) 

Gradual  descent,  smooth  surface,  to  Benson 

Station 

Chippewa  River  (bridge  track) 

Chippewa  RiverCwater) 

Gradual  ascent,  smooth  surface,  to  Randall 

Station 

Gradual  ascent,  smooth  surface,  to  147's  mile 

post 

Hancock  Station 

Summit 

Pomme  de  Terre  River  (track) •  • 

Pomme  de  Terre  River  (water) . . .  s  ^  

Morris  Station 

Summit  (16r8mile  post) • 

Smooth  surface  to  Douglas  Station 

Gradual  descent,  smooth  surface,  to  Herman 

statlo  n 


Above 

Abore 

Lake 

the 

Super'or 

Ocean. 

191 

791 

221 

821 

llli 

711i 

242 

842 

322 

922 

313 

913 

340 

940 

314 

914 

314 

914 

398 

998 

386 

986 

440 

1040 

440 

1040  • 

443 

1043 

403 

1003 

379 

979 

468 

1068 

413 

1013 

507 

1107 

478 

1078 

508 

1108 

518 

1118 

516 

1116 

577 

1177 

602 

1202 

598 

1198 

628 

1228 

655 

1255 

607 

1207 

515 

1115 

607 

1107 

495 

1095 

447 

1047 

452 

1052 

433 

1033 

421 

1021 

412 

1012 

436 

1036 

460 

1060 

541 

1141 

558 

1158 

464 

1064 

453 

1053 

513 

1113 

542 

1142 

512 

1112 

454 

1054 
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St.  Paul  and  Pacific  S.  B. — Main  Line — Continue. 


Miles 
from 

8t.Faal. 


184.5 

185.6 

194.5 

SOI 

203 

209 

217 


Smooth  surface  to  Mustlnka  Creek 

Smooth  surface  to  Gorton 

Smooth  snrftce  to  Tiotah- 

Smooth  surface  to  Kabbit  Ban 

Smooth  surface  to  Campbell  Station. ... 

Smooth  surface  to  Doran  Station 

Smooth  surface  to  Breckenrldge  Station 


Aboye 

AboTe 

Lake 

the 

Supero'r 

Ocean. 

418 

1012 

408 

1008 

882 

962 

868 

968 

868 

968 

858 

959 

849 

948 

St.  Paul,  Stmroater  and  Taylor^a  FaUa  S.  B. 

COPIED  FROM  PROFILE  IN   THE   OFFICE   OF  THE   CHIEF  ENOI- 
xv£ER|  J*  S«  S£WEIiL|  dT  N*  H«  W* 


Miles 

from 

St.  Paul. 


Aboye 

Lake 

Superior 


Above 

the 
Ocean^ 


0 
0 
1.6 


2 
8 

8 
8.5 

8.5 
4.5 
4.5 
6 

6.5 
6.6 
8 

8.5 

12 

12 
12 
18 


St.  Paul.  Low  water  in  Mississippi  River.  •  • 
St.  Paul.  High  water  in  Mississippi  River.. 
Junction  with  St.  Paul  and  Pacific  R.  R. . . . 
Crossing  of  L.  S.   and  M.  R.  R.,  Phalen's 

Creek  (track).  

Grade  of  L.  S.  and  M.  R.  R.  here  Is  20  feet 

lower 

Phalen's  Creek  (bottom)  third  crossing 

Broken  surface  to  second  crossing  of  Phalen's 

Creek  ( track) 

Phalen's  Creek,  second  crossing  (bottom).  • . 
Broken  surface  to  first  crossing  of  Phalen's 

Creek  (track) 

First  crossing  of  Phalen's  Creek  (bottom)«. 
Broken  surface  to  creek  at  Ames'  farm  (track) 

Creek  at  Ames'  iVirm  (bottom) 

Broken  ascent  to  beginning  of  descent  to  the 

Mississippi  River  (cut  15  feet) 

Broken  surface  to  tamarack  swamp  (track) 

Tamarack  swamp  (natural  surflice) 

Summit  one  half  mile  west  of  Oakdale  Station 

(cut  10  feet) 

Oakdale  Station 

Broken  surface  to  the  level  of  Lower  Bass 

Lake 

Level  of  Upper  Bass  Lake 

Bass  Lake  Station 

Nearly  level  and  smooth  suriaco  to  Weir's 

station 


76 

9T 

162 

217 

197 
191 

241 
226 

259 
241 
811 
280 

876 
366 
861 

896 
367 

274 
288 
821 

811 


676 
697 
762 

817 

797 
791 

841 
826 

859 
841 
911 
880 

976 
966 
961 

996 
967 

874 

921 

911 
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SU  PittZ,  StiUtoaUr  and  Tayl&r^s  FaU$  JR.  B.— Continued. 


Miles 

mpom 

SkPul. 


15 
165 
17.5 
17.6 

19 
19 


Sommit  fbnr  miles  flrom  Stillwater 

Crossing  W.  Wisconsin  R.  R.  (cat  17  feot). .. 

Broken  descent  to  marsh  (bottom) 

Center  of  grarel  ridge,  one  and  a  half  miles 

fh>m  Stillwater,  (cut  flftj  feet) • 

Broken  descent  to  blghwater  at  Stillwater.. 
Low  water  in  St.  Croix  lake  at  Stillwater. . . • 


Abore  )  Abort 

Lake  |  the 

Snper'or^  Ocean. 

i 

817 

917 

276 

875 

141 

741 

161 

761 

76 

676 

55 

656 

Branch  Line  of  the  St.  Paul  and  Paeific  B.  B.^from  St.  Anthony 

to  Brainerd. 

FROM  THE  RECORDS  IN  THE  OFFICE   OF  THE  CHIEF  ENGINEER| 
C.  A.  F.  MORRIS.      ABSTRACTED  BT  K.  H.  WINCHELL. 


Miles 

firom 

St-PaoL 


9.6 
17 
17 
216 
27 
27.5 
84 
89 
48 
48 
66 
68 
78.6 
76 


76 

82 

86 

86 

89 

95 

'95 

96 

106 

311 

118.5 


Junction  at  St.  Anthony. 

Manomin ..• 

Rice  Creek  (water  lerel). 

Qoon  creek  (water  leyel) 

Anoka • 

Ram  river  (water  level) 

Ita»ka 

Elk  river  station •••••• 

Elk  river  (water  level) 

Big  Lake  station 

Becker 

Clear  Lake  station 

St.  Clond,  E.  shore  of  Mississippi  river. . 
St.  Cload,  W.  shore  of  Mississippi  river. 
Mississippi  river  at  St.  Cload  (water). ••• 
Mississippi  river  at  Saak  Rapids  (water). 

Saok  Rapids  station  • 

Watab  station 

Little  Rock  river  (track) 

Little  Rock  river  ( water) •  • 

Langola  station 

Platte  river  (track) 

Platte  river  (water) ^ 

Bellevoe 

Smooth  surface  to  Little  Falls  (track) ..  •. 

Smooth  surfkce  to  Belle  Prairie 

Sammit 


Above 

Lake 

Saper'or 


229 
288 
207 
217 
269 
281 
286 
294 
281 
821 
868 
884 
411 
426 
858 
882 
899 
448 
415 
403 
454 
464 
454 
476 
609 
526 
667 
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Above 

the 
Ocean. 


829 

888 

807 

817 

869 

881 

886 

894 

881 

921 

968 

984 

1011 

1026 

958 

982 

999 

1048 

1016 

1002 

1054 

1064 

1054 

1076 

1109 

1126 

1167 


Google 
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Branch  Line  of  the  St.  Paui  and  Pacific  B.  £.,  from  St.  Antkonf 
to  Brainerd — Continued. 


MUes 

flrom 

8i.Faal. 


120 

120 

127 

188.6 

188.5 

184.6 

136 

186 

187 


FortKlpley 

Nokay  river  (water) 

Crow  Wing 

Buffalo  creek....* 

Buffalo  creek  (low  water) 

Summit  between  Buffalo  and  Buckhorn  creeks 

Bnckhorn  creek  (track) 

Buckhorn  creek  (low  water) 

Broken  surface  tu  Brainerd  (N.  P.  June).  .* 


Above 

AboT« 

Lake 

the 

Saper'or 

Oceao. 

663 

1168 

634 

1184 

.     681 

.1161 

698 

1\9S 

667 

lllST 

6»6 

1196 

669 

1169 

684 

1184 

601 

1201 

Line  of  the  St.  Vincent  Brandi  of  the  St.  Paul  and  Pacific  B.  B. 

AB8TBACTED  FROM  THE  BECORDS  IN  THE  OFFICE  OF  THE  CHIEF 
ENGINEERy  C.  A.  F.  MORRIS,  BT  N.  H.  WINCUELL. 


Miles 

from 

8t.  Paul. 


74 

74 

76 

78.5 

78.6 

79 

82 

88  6 

86 

87.5 

90 

94.6 

96  6 

99 
101 
108 
106 

108 
111 

111 
114 


E.  St.  Ciood  station 

Low  water  In  Mississippi  river  at  St.  Cload  • 

W.  St.  Cload 

Sauk  river  (track) • 

Sank  river,  first  crossing  (water) 

Stiarp  Ridge  (cut  fifteen  feet) 

St.  Joe 

Watab  creek  (track) 

Sharp  ridge  (cut  seventeen  feet) 

Broken  surface  to  &aroroit 

Broken  surface  to  Avon 

Broken  surface  to  Two  Rivers  (water) 

Broken  surface  to  Al bany 

Broken  surface  to  Summit  near  99's  miic  post 
Broken  surface  to  Getchell's  creek  (water) . 

Broken  surface  to  Oakes  (a  summit) 

Broken  surface  to  Sauk  R.,  second  crossing 

(water) 

Broken  sarface  to  Mi^lrose 

Smooth  surface  to  Third  crossing  of  Sank  R., 

second  crossing  (track) 

Third  crossing  of  Sauk  river  (water) 

Broken  surface  to  Summit  (cut  fifteen  feet,) 

See.  24,  T.  126,  R.  84 


Above 

Lake 

Snper'or 


411 
868 
426 
484 

417 
489 
474 
468 
48b 
5S6 
616 
624 
687 
686 
681 
628 

667 
696 

699 
687 

660 


Above 

the 
Ocean. 


1011 
968 
1026 
1084 
1017 
1089 
1074 
1068 
1086 
1186 
1116 
1184 
1187 
1286 
1181 
1228 

1167 
1196 

1199 
lld7 

1280 
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JUne  of  the  8t.  VincefU  Branch  of  the  St.  Paul  and  Pacific  S.  ft. 

— Chntinued. 


MUes* 

flrom 

StPaol. 


Above 

Lake 

Superior 


Above 

the 
Ocean. 


116 

ne 

117 
120 
121 

122.5 

125 

181 

182.5 

185 

186 

188 

189.5 

142 

151 

158 

158 

160 

161 

166 

169.5 
173.5 
176 
179 

179 
179 
180 
186.5 

186.5 


187 
192 
200 
204 
210 
212 

216 

2W 

222 

222 

238.5 

241.5 


Broken  surface  to  fourth  crossing  SaukR 

(track) 

Sank  river  (low  water) . . . .  < 

Smooth  surface  to  Sank  Center  Station 

Broken  snrAice  to  cot  of  fourteen  feet 

Broken  surface  to  Summit  (cut  of  seventeen 

feet) • 

Creek  (track) 

Undalating  surface  to  West  Union  station. . 

Broken  surface  to  Osakis  station 

Summit  (Sec.  22,  T.  128,  R.  86) 

Broken  surikce  to  135's  mile  post 

Victoria 

13d'smile  post 

Broken  surface  to  Creek  (track) 

Broken  surface  to  Alexandria 

Very  broken  surface  to  Ida  station 

Broken  surface  to  Chippewa  river  (track) . . 

Chippewa  river  (water) 

Evansville  station,  (cut  twenty-eight  feet,  fill 

immediately  of  fifteen  feet) 

Very  broken  surface  to  Summit  (cut  o(  thirty 

feet) 

Very  broken  surface  to  Christina  station,  (cut 

and  fili  at  Christina  of  forty-two  feet) 

Very  broken  surface  to  Summit  (cut  five  feet) 

Very  broken  surface  to  St.  Oloif 

Very  broken  surface  to  Summit  (cut  three  feet) 
Very  broken  descent  to  Pomme  de  Terre  R. 

(track) 

Pomme  de  Terre  R.  (water) 

Pomme  de  Terre  R.  (bottom) 

Broken  surface  to  Tumuli  station 

Broken  anl  Irregular  descent  to  Red  river 

crossing  (water) 

Red  river  (bottom) 

NOTK.— l^Vow  mUe-poat  131  to  188  there  are 
frequent  fills  and  cute.] 

Red  River  Falls  station 

Undulating,  slow  descent  to  192's  mlie-post.. 

Sec  1,  T.  138,  R.  45 

Smooth  surface  to  204*8' mile- post. .  • 

Sec  15,  T.  135,  R.  45  (smooth  surface).... :.. 

Smooth  surface  to  212's  mile  post 

Smooth  surfkce  to  2  I6's  mile-post 

Smooth  surface  to  Sec.  31,  T.  137,  R.  45 

Smooth  surface  to  Wilson  R.  (track) 

Wilson  river  (bottom ) 

Smooth  surface,  slow  descent  to  Glyndon  N. 

P.  R.  R.  Junction) . 

Smooth  surface  to  Buffalo  river  (track) 


626 
643 
689 
693 

712 
666 
723 
728 
794 
727 
766 
803 
769 
782 
802 
760 
780 

745 

769 

619 
687 
785 
757 

630 
596 
592 
696 

462 
417 


522 
499 
467 
464 
496 
505 
429 
419 
403 
388 

323 
319 


1226 
1248 
1239 
1293 

1812 
1266 
1323 
1828 
1894 
1827 
1366 
1403 
1859 
1382 
1402 
1860 
1330 

1845 

1369 

1219 
1287 
1835 
1857 

1280 
1196 
1192 
1196 

1062 
1017 


1122 
1099 
1067 
1064 
1096 
1105 
1029 
1019 
1008 
988 

928 

919 


S 
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Line  of  the  St.  Vincent  Branch  of  the  St.  Paul  and  Pacific  JB.  S\ 

— Continued. 


Miles 

Arom 

StPaal 


3i1.6 
241.5 
946 
dftS 

359 
966 

966 

966 

968 

978 

980 

985.5 

986 

996 

902.5 

802.6 

802.5 

8025 

808 


808 

810 

880 

830 

888.5 

840 

848.5 

848.5 

848.5 

850 

851 

851 

851 

875 

875 

875 

880 

880 
880 
898 
894 

894 
894 
894 
894 


BalTalo  river  (water) 

Baffdlo  river  (bottom) 

Smooth,  level  sarface  to  Averill  station 

Smooth  surface  to  Feltoa  station 

Smooth  sarface  to  Borap  station 

Smooth  sarfaoe  to  Wild  Bice  B.  and  station 

(track) 

Wild  Rice  river  (bottom) 

Wild  Rice  river  (water) 

Smooth  sarface  to  Elm  creek  (water) 

Smooth  sarface  to  Stanley  station 

Smooth  sarface  to  Rolette  station 

Smooth  sarface  to  Beltrami  station 

Smooth  sarface  to  Sand  Hill  river  (water)  •• 

Smooth  sarface  to  Kittson  station 

Smooth  sarface  to  top  of  first  bloff,  Red  Lake  R. 

Red  Lake  river  (track  on  bridge) 

Red  Lake  river  (water level) 

Red  Lake  river  (bottom) 

Top  of  bluff  on  N.  side  Rod  Lake  river 

KoTB.— TAe  vcUley  is  JuH  a  mile  aerou  -with 
einffUj  vfell  d^ned  bluffs^ 
Smooth  sarface,  gentle  ascent  to  Summit.. 

Smooth  surface  to  810*8  mile-post 

Smooth  sarface  to  820*3  mile-post 

Smooth  sarface  to  880*8  mile-post. 

Smooth  sarface  to  Snake  Hill  R.  (water).... 

Smooth  surAuse  to  840*8  mile-post 

Smooth  sarfftce  to  Middle  river  (track) 

Middle  river  (witter) 

Middle  river  (bottom) 

Smooth  sarface  to  Sec.  8,  T.  157,  R.  48 

Smooth  surfSEice  to  Tamarack  B.  (track). • . . 

Tamarack  R.  (water) 

Tamarack  (bottom) 

Smooth  sarface  to  S.  B.  of  Two  rivers  (track) 

S.  Branch  of  Two  rivers  (water) 

S.  Branch  of  Two  rivers  (bottom) 

Smooth  sarface  to  N.  Branch  of  Two  rivers 

(track) 

N.  Branch  of  Two  rivers  (water) 

N.  Branch  of  Two  rivers  (bottom) 

Smooth  sarface  to  892*s  mile-post. 

Slow,  irregular    descent  to    the  immediate 

bank  of  Red  river  (track) 

St.  Vincent  (bank  of  Red  R) 

St.  Vincent  (bottom  of  Red  R. ) 

St.  Vincent  (high  water  of  1866) 

St.  Vincent  (nsoal  water  sarface) ••. 


Above 

Lake 

Saper'or 


806 
801 
818 
816 
819 

810 
296 
801 
291 
802 
294 
808 
299 
286 
262 
248 
241 
224 
969 


804 
286 
248 
241 
951 
246 
284 
281 
289 
280 
917 
915 
915 
208 
187 

201 
187 
181 
198 

191 
199 
144 
18T 
158  } 


Abov« 

the 
Ocean. 


906 
901 
918 
916 
918 

910 
896 
901 
891 
909 
894 
908 
899 
886 
869 
848 
841 
824 
869 


904 

886 
848 
841 
851 
847 
884 
881 
889 
880 
81T 
815 
815 
808 
787 

801 

78T 
781 
798 

791 
799 
744 

787 
768 
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On  the  Line  of  the  Southern  liinneeota  B.  S. 

FURNISHED  BT  CHIEF  ENGINEER  H.  W.  HOIXET. 


B 
& 

8 

a 


Gnmd  Crossing  Miss,  R.  opposite  La  Crosse 

RDShford 

Lanesboro < 

Isinoar's  (Sec.  20,  T.  108,  B.  10) 

Foantain 

Grand  Meadow  (Sec.  24,  T.  108,  B.  15) 

Sec.  18,  T.  108,  R.  16 

Ramsey  (Grade  Mil.  and  St.  Paul  B.  B.) 

Hayward 

Winnebago  City • 

Water  la  Bloe  Earth  rirer  one  mile  W.  of 

Winnebago  City 

Sec.  25,  T.  104,  R. 80 •••■•.•••.••••••.••• 

Sec.  1,  T.  108,  B.  88. •• 
Sec.  25,  T.  104*  B.  86.. 
Water  in  Des  Moines  B 

Heron  Lake 

Graham  Lalce 

Sec.8,T.  102,  B,  22.... 
Sec.  83,  T.  101,  R.  21.. 
Sec.  86,  T.  101,  B.  24.. 
Sec.  81,  T.  101,  B.  24.. 


•  •  •••.•• 


n 

C 

o 

H 

Z 

H 

& 

• 

90 

M 

a 

> 

s 

% 

^ 

< 

12 

97 

217 

274 

675 

711 

788 

598 

626 

476 

890 

492 

601 

767 

666 

747 

789 

701 

636 

608 

681 

I 

6 


Digitized  by  VjOOQIC 


60  ANirUAL  BEFOBT. 


IV. 

THE  SURFACE  GEOLOGY. 


The  amount  of  time  devoted  to  the  phenomena  of  the 
drift  has  necessarily  been  small.  A  sufficient  number  of 
facts  on  which  to  base  scientific  opinions  have  not  yet  beea 
obtained  to  warrant  the  announcement  of  any  discoveries ; 
observations  have  been  made  however,  that  confirm  theories 
lately  advanced  as  to  the  origin  of  the  clays  which  make  up 
a  great  portion  of  the  drift  of  the  Northwest.  The  great 
mass  of  clay  charged  with  gravel,  and  often  with  boulders, 
is  found  to  be  of  glacier  origin.  This  deposit  is  generally 
blue,  but  in  the  eastern  part  of  the  State  it  is  reddish  or 
copper  colored.  It  is  made  up  almost  entirely  ot  trans- 
porled  materials,  and  its  red  color  in  the  direction  of  the 
iron  ore  beds  ol  the  Lake  Superior  region,  seems  to  be  due, 
as  some  time  ago  suggested  by  Ool.  Charles  Whittlesey,* 
to  the  greater  contained  quantity  of  iron  oxide,  consequent 
on  the  continued  action  on  and  the  transportation  of  large 
portions  of  those  rocks  by  the  forces  of  the  glacial  period. 
This  deposit  lies  on  the  striated  rocky  surfaces,  or  is  sepa- 
rated from  them  by  a  thin  stratum  of  |(ravel  or  sand  which 
usually  supplies  water.  The  boulders  embraced  in  this 
hardpan  deposit  are  very  often  striated  and  polished  in  the 
same  manner  as  the  bedded  rocks  below.  It  also  embraces, 
but  rarely,  lenticular  beds  of  stratified  gravel,  or  sand  and 
gravel  mixed  without  stratification.  In  some  instances  it 
has  been  seen  to  inclose  nests  of  boulders  and  gravel,  com- 
pactly deposited  and  detached  from  other  similar  deposits. 
In  other  cases  a  spur  or  lip  from  the  hardpan  will  rise 
above  the  main  mass,  and,  bearing  off  diagonally  to  the  right 
or  left,  will  partially  enclose  on  the  lower  side  a  few  feet  of 
stratified  materials  of  sand  and  gravel.  Indeed  along  the 
valley  of  the  J^lississippi,  and  in  regions  of  rough,  rocky 
surfaces  its  upper  portion  is  very  apt  to  be  replaced  by 

*0q  the  Fresh  water  glacial  drift  of  the  Northwestern  States.  Bj 
Charles  Whittlesey,  Smlihsouian  Contrlbatlons  to  knowledge,  197. 
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stratified  deposits  of  sand  and  gravel  variously  alternating 
with  each  other  and  with  irregular  patches  of  (he  same. 

In  these  cases  the  boulders,  derived  from  the  original  un- 
assorted mass,  are  apt  to  lie  also  in  layers  or  pockets  by 
themselves,  their  interstices  filled  with  coarse  gravel. 
Throughout  much  of  the  central  portion  of  the  State,  and 
especially  in  Carver  and  McLeod  counties,  where  it  has 
recently  been  exposed  in  numerous  cuts  along  the  line  of 
the  Hastings  and  Dacotah  railroad,  this  hardpan,  or  unas- 
sorted glacier  drift,  rises  to  the  surface  with  no  overlying 
stratified  beds.  Large  boulders  of  more  northern  origin 
are  uniformly  met  in  these  cuts,  even  if  they  be  but  a  few 
feet  below  the  surface.  Sometimes  a  thickness  of  more  than 
a  hundred  feet  may  be  seen,  presenting  no  essential  variation 
in  outward  characters  or  contents.  Its  color  when  freshly 
exposed  at  considerable  depth  is  blue,  but  it  has  everywhere 
become  oxydized  below  the  surface  to  the  depth  of  fifteen 
or  twenty  feet,  and  it  then  assumes  a  yellowish  ash-color, 
it  has  been  noticed  that  in  Minnesota  this  deposit  varies 
greatly  in  thickness.  There  is  an  area  in  the  southeastern 
part  of  the  State  where  very  little  of  it  is  found.  The  r»>cks 
stand  out  prominently  in  bluffs  and  terraces  caused  by  their 
various  capacity  to  withstand  the  elements,  covered  with 
very  little  besides  the  decomposed  debris  of  their  own  beds. 
Yet  in  this  portion  of  the  State,  which  seems  to  be  an  exlen- 
sion  of  the  so-called  <<  drift  less  region  "  of  Iowa,  the  valleys 
on  being  excavated  for  cellars  and  wells  reveal  a  clay  charged 
with  pebbles  and  sometimes  large  boulders.  This  clay  is 
said  to  contain  fragments  of  wood  and  leaves  half  decom* 
posed.  Sufficient  examination  has  not  yet  been  made  to 
show  the  relation  of  this  blue  clay  in  the  southeastern  por- 
tion of  the  State  containing  vegetable  deposits,  with  the 
vast  sheet  of  blue  clay  containing,  so  far  as  known,  no 
vegetable  or  other  remains,  which  is  spread  over  a  greater 
portion  of  the  entire  State.  It  seems,  however,  to  be  of 
older  date,  and  may  consist  of  the  remains  of  a  previous 
glacial  sheet,  which,  under  the  action  of  the  last  glacial 
epoch  was  subjected  to  erosion  and  wash  but  was  not  replaced 
by  fresh  deposits.  In  that  way  the  vegetable  growths  of 
the  surface,  accumulating  between  the  periods  of  the  two 
glacial  epochs,  would  be  buried  in  the  depressions  to  vari- 
ous depths  beneath  the  debris  from  the  hillsides,  and 
considerable  beds  of  peat  or  even  an  entire  soil  would  be 
preserved,  while  toward  the  north  the  movement  of  the 
glacier  ice  entirely  destroyed  and  removed  the  ancient  soils. 
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The  thickness  of  this  hardpati  at  Fargo,  D.  T.,  on  the  line 
of  the  Northern  Pacific  railroad,  as  revealed  by  the  drilling  of 
a  well,  was  found  to  be  one  hundred  and  fifteen  feet.  It 
there  lies  below  a  hundred  and  five  feet  of  variously  strati- 
fied clay«  gravel  and  sand. 

This  deposit  is  spread  out  in  a  vast  sheet  over  much  of 
the  states  of  Minnesota,  Wisconsin,  Iowa,  Illinois,  Michi- 
gan, Indiana  and  Ohio,  and  it  is  locally  covered  by  a  fine, 
stratified  clay  which  has  been  named  by  the  geologists  of 
Canada  *'  Erie  Clay,*'  although  the  two  have  sometimes  been 
confounded.  It  has  never  been  known  to  contain  fossils, 
either  of  vegetables  or  animals.  As  clay  it  is  entirely  un- 
stratified,  but  it  may  embrace  irregular  beds  of  stratified 
materials,  and  above  may  become  replaced  by  assorted  gravel 
and  sand,  the  whole  being  of  the  same  age.  As  to  its  man- 
ner of  deposition  it  is  believed  to  be  the  immediate  product 
ot  the  ice  of  the  glacier,  and  was  gently  let  down  on  the 
surface  of  the  rocks  that  it  so  effectually  conceals,  by  the 
slow  thawing  and  withdrawal  of  the  ice.  It  must  have  been 
largely  frozen  in  the  body  of  the  ice  in  regions  far  to  the 
north,  but  by  the  superficial  wasting  of  the  glacier  as  it  ad- 
vanced into  warmer  ktitudes,  it  gradually  formed  a  layer 
covering  the  surlace  ot  the  ice  in  much  the  same  way  as  it 
now  covers  the  rock.  Such  underground  ice  is  known  to 
exist  at  the  present  time  in  several  places  in  northern  lati- 
tudes. Wherever  streams  of  water  gathered,  incident  to 
the  dissolution  of  the  glacial  ice,  the  materials  of  the  drift 
were  assorted  and  often  handsomely  arranged  in  oblique 
stratification.  This  would  occur  especially  along  the  main 
valleys,  and  in  crevasses  that  might  result  from  the  passiige 
ot  the  ice  over  rough,  rocky  surfaces.  Streams  running  in 
such  crevasses  would  wear  their  beds  deeper  into  the  ice- 
sheet  and  perhaps  to  the  bed-rock  itself.  All  drift  materials 
precipitated  into  such  crevasses  by  the  motions  of  the  ice 
would  bo  washed  and  assorted,  and  the  finest  portions  would 
be  entirely  carried  away.  Upon  the  entire  withdrawal,  or 
dissolution  of  the  ice-sheet  a  ridge  of  gravel  and  sand  cou- 
tainii.g  boulders  and  suggesting  the  common  name  of  **hog8 
back,"  would  mark  the  place  where  such  a  stream  had  its 
bed.  When  the  slope  of  the  country  was  away  from  the 
foot  of  the  glacier,  or  in  the  direction  ot  its  motion,  the 
streams  would  be  likely  to  carry  away  the  clayey  portions 
of  the  drift,  leaving  only  stratified  gravel  and  sand  along 
the  valleys  of  the  water  courses ;  but  where  the  slope  of 
the  couutry  was  toward  the  ice  foot,  as  in  the  Maumee  vai* 
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ley  J  in  Ohio,  and  in  the  valley  of  the  lied  river  of  the 
North,  the  fine  parts  would  be  laid  down  over  the  unstratfied 
drift  in  horizontal  laminations  of  fine  clay  and  sand.  A  lake 
of  standing  water  would  be  formed  about  the  foot  of  the  ice» 
with  an  outlet  southward  through  the  lowest  drainage  valley 
accessible.*  It  is  authentically  repotted  that  at  the  present 
time  this  very  circumstance  occurs  in  the  Ued  river  valley 
in  seasons  of  unusual  severity.  The  mouth  of  the  river  is 
<X)mpIetely  Irozen,  or  so  obstructed  by  ice,  that  the  whole 
country  for  several  miles  in  width  is  submerged  sometimes 
below  forty  feet  of  water.  In  such  cases  the  discharge  must 
be  by  the  Minnesota  valley,  Big  Stone  lake  and  Lac  Travers 
becoming  one.  About  ten  years  ago,  when  these  lakes  were 
so  united,  an  effort  was  made,  %ud  nearly  with  success,  to 
float  a  steamboat  across  the  continental  water  shed  from 
the  Minnesota  valley  into  that  of  the  Red  river  of  the 
North.  There  are  many  indications  that  the  Ked  river 
region  was  for  a  long  time  covered  by  a  lake  of  fresh 
water  and  had  an  outlet  by  way  of  the  Minnesota  valley 
into  the  Mississippi  river. f 

Overlying  this  hardpau  in  much  of  the  Southern  part  of 
the  State,  and  covering  especially  those  portions  of  the  State 
where  the  hardpan  exists  in  small  quantities,  is  a  sandy 
loam  which  forms  a  very  productive  surface  soil,  and  is  espe- 
cially exhibited  on  the  blufis  along  the  Mississippi  river, 
where  it  has  been  named,  in  States  further  south,  *^The 
Bluff  Formation.'^  The  distribution  of  this  material  over 
the  State  is  not  well  known,  and  its  origin  remains  yet  in 
doubt.  Where  it  reaches  its  greatest  development  it  is  per- 
fectly unstratitied.  Its  characteiistics  are  very  uniform,  and 
its  aspect  and  composition  are  perfectly  homogeneous.  It 
has  been  attributed  to  the  prevalence  of  a  fresh  water  lake 
over  much  of  the  northwest.  It  may  perhaps  as  reasonably 
be  ascribed  to  the  insoluble  residue  from  the  rocks  in  aitu^ 
and  its  distribution  to  the  effect  of  surface  drainage.  The 
pulverizing  action  of  the  prairie  fires  on  the  rocks,  or  on 
pebbles  contained  in  the  drift  may  account  ior  the  existence 
of  this  loam  in  places  where  it  covers  the  glacier  drift,  at 
points  remote  from  streams.  It  contains,  in  the  valleys,  the 
shells  of  the  fresh-water  mulluscs,  and  seems  there  to  be  per- 
fectly comparable  to  ordinary  alluvium.    Tlie  im:uediato 

^Compare  <*  On  certain  physical  featares  of  the  Upper  Mias^Mippl 
river."   By  Gen.  G.  B.  Warren,  American  NaturalUt  for  Nov.  IW». 

fCompare  '<  On  certain  pbyaical  features  of  the  Upper  Mississippti 
Blver."   By  Gen*  G.  K.  Warren,  Amtrican  NaturalUt^  for  Kov.  1«SS. 
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surface  of  this  loam,  and  of  the  soil  generally,  in  the  central 
and  southern  portions  of  the  State,  is  blackened  by  the  char- 
coal of  innumerable  fires  that  have  passed  over  the  surface,, 
and  by  decomposing  vegetable  remains. 

The  drift  about  St.  Anthony  and  St.  Paul  shows  the  fol- 
lowing general  section : 

No.  1.— Bluff •. eto  10  feet. 

No.  2. — Assorted  materials,  often  nicely  stratified,  some- 
times replaced  by  a  mass  of  glacier-marked  (I)  boul- 
ders and  cobble-stones  mingled  with  gram.  This 
seems  to  be  due  to  the  removal  by  water  of  the  clayey 
portions  of  the  hard-pan.  It  not  unfrequently  shows 
very  large  blocks  and  masses  of  the  Tienton  Flags 
(«<  Lower  shell  limestone,"  of  B,  F.  Shnmard) 10  to  20  feet. 

No  3.— Hardpan,  seen 25  feet. 


SKETCH  OF  THE  IGEOLOGY  OF 
MINNESOTA. 


1.      OKAKITIC  AND  METAMOfiFHIO  ROCKS. 

(a.)     Their  Area. 

Under  this  designation  are  embraced  all  rocks  that  lie  be* 
low  the  Potsdam  Sandstone.  It  covers  not  only  the  granitic 
nucleus  which  first  appeared  as  dry  land,  and  those  trappean 
rocks  that  are  with  little  difference  of  opinion  pronounced 
the  result  of  purely  igneous  forces,  but  also  the  vast  thick- 
ness of  truly  metamorphic  strata  included  under  the  term 
I^aurerUian  and  Huronian. 

These  rocks  occupy  a  great  portion  of  the  State  of  Min- 
nesota,  crossing  it  in  a  rudely  wedge-shaped  belt  from  the 
northeast  to  the  south  (vest.  The  southern  margin  of  this 
belt  enters  the  State  from  Wisconsin  about  three  miles  below 
the  mouth  of  Kettle  river,  crosses  the  Mississippi  about  three 
miles  below  the  mouth  of  Clear  Water  river  in  a  southwest- 
erly direction.  It  also  crosses  the  Minnesota  river  about 
three  miles  below  Fort  Ridgley  and  probably  leaves  the  State 
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near  tho  northern  line  of  Pipestone  county.  Ibo  northern 
or  northwestern  boundary  of  these  rocks  enters  the  State 
from  the  north  about  midway  between  the  Lake  of  the  Woods 
and  the  Red  river  of  the  North,  in  a  southerly  and  then  a 
southeasterly  direction,  to  the  vicinity  of  Pokes^oma  balls, 
where  it  changes  its  course  and  runs  in  a  southwesterly  di- 
rection, passing  approximately  through  Cass,  Todd,  Stevens 
and  Travers  counties  to  the  western  boundary  of  the  State. 
These  rocks  thus  form  a  great  anti-clinal  axis,  or  backbone 
irom  which  the  later  sedimentary  rocks  dip  in  opposite  di* 
rections  to  the  southeast,  and  to  the  west  and  northwest, 
their  area  being  something  more  than  one  third  of  the  entire- 
States.  North  of  Lake  Superior  they  produce  a  rough,  and 
even  mountainous  tract  of  country  which  is  marked  by  a> 
series  of  ridges  or  ranges  of  upheaval  N£.  and  SVV. ;  but  to- 
ward the  southwest  their  original  uneven  surface  is  so  evenly 
and  deeply  covered  with  drift  that  they  are  but  rarely  seen,, 
except  in  the  valleys  of  the  streams,  the  country  assuming 
the  character  of  a  rolling  and  more  or  less  wooded,  or  of  a. 
level  and  open  prairie. 

(b.)     Their  general  Liihological  Characters. 

These  rocks  have  been  included  under  the  general  term  of 
Azoic^  Irom  the  absence  of  organic  remains.  The  geologists 
of  Canada  have,  however,  described  within  a  few  years  a 
strangely  concretionary  or  laminated  alternation  of  pyroxene 
and  carbonate  of  lime,  taken  from  the  Laureniian  System^ 
which  on  microscopical  examination  has  disclosed  an  organic 
structure  resembling  that  of  the  Foraminifora^  and  has  been 
named  Eozoon  Canadense  by  Dr.  J.  W.  Dawson.*  This- 
discovery  carries  downward  the  horizon  of  the  beginning  of 
nnimal  life  several  thousand  feet  below  the  base  of  the  Pols- 
dam  Sandstone;  and  the  appropriate  term  Eozoic  has  been 
used  to  describe  the  earliest  of  fossiliferous  rocks,  compris- 
ing the  Laurentian  and  Huronian-  systems.  With  this  ex* 
ception  no  fossil  remains  have  been  found  below  the  Pots- 
dam Sandstone. 

The  lithological  and  mineralogical  characters  of  this  ibelt^ 
of  granitic  and  metamorphic  rocks  are  very  complex  and  var- 
iable. The  original  upheaved  nucleus  was  granitic,  or  syen- 
itic  and  granitic,  and  the  character  prevails  in  the  oldest  and 
highest  knobs  and  hills,  around  which  the  highly  metamor- 

^In  tbl8  fossil  ih«  pyroxene  Is  sometimes  replaced  by  serpentine, 
orioganlte,  (or  bj  pyaloiite?)  and  the  calclte  by  dolomite.  . 
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phosed  slates  and  gneisses  are  arranged  in  upturned  and 
even  vertical  beds.  Intercalated  with  these  disturbed  beds 
are  numerous  injected  beds  and  dykes  of  volcanic  trap»  the 
igneous  origin  of  which  cannot  be  doubted.  The  metamor- 
phism  consists  in  a  decomposition  and  recrystallizution, 
through  the  combmed  action  of  heat  and  chemical  affinity, 
of  the  first  sedimentary  strata,  producing  from  sandstones 
limestones  and  shales,  talcose  argillaceous  slates,  gneiss, 
quartz  and  sacch»roidal  marble,  and  in  some  instances  im- 
mense  masses  of  specular  and  magnetic  oxide  of  iron.  The 
close  of  this  disturbance  involved  the  overlying  Potsdam 
SandsionCf  or  at  least  the  **  Red  Sandstones"  of  the  north- 
west, but  in  Minnesota  it  antedates,  so  far  as  known,  the  sand- 
stones of  the  St.  Croix  valley  and  the  Lower  Magnesian 
Limestone.  It  seems  to  have  continued  to  to  the  close  of 
the  deposition  of  the  **  Bed  Sandstone,"  and  to  have  ter- 
minated prior  to  the  deposition  of  the  Lingula  beds,  which 
lie  without  disturbance,  as  far  as  known,  on  the  ejected 
traps,  and  between  the  Red  Sandstone  and  the  light-colored 
quartzose  sandstone  which  characterizes  the  Upper  Missis- 
sippi valley.  This  disturbance  was  the  cau^e  of  fissures  and 
dislocations  in  the  rocky  crust,  which  by  slow  degrees  be- 
came filled  with  the  various  materials  composing  the  metal* 
liferous  veins. 

In  1849  Col.  Charles  Whittlesey,  classified  these  rocks  in 
northern  Wisconsin,  in  the  following  descending  older : 
(^OwerCs  Geol.  tiur.  of  Wis.^  Iowa  and  Minn. p.  425.) 

1.  Sedimkntart. 

a.  Red  sandstone,  (not  belonging  to  ^U  fnetamorpMc  9eri€$.) 

b.  Black  slate. 

c.  Conglomerate. 

2.  Trippous  bocks,  or  those  of  volcamic  origin. 

a.  Black  and  red  amygdaloid,  and  greenstone  trap. 

b.  Augltlc,  hornblendic  and  feldspatbic  rocks,  embracing  syenite* 

and  granites  of  the  same  age. 

3.  Metamorphosed  rocks. 

a.  Hornblendic  slates. 

b.  Iroii  slates. 

c.  Black  slates,  in  large,  thin,  rcctangalar  sheets. 

d.  Talcose  slates. 

e.  Slaty  qoartz. 

4.  Granitic 

a.  Syenite. 

b.  Granite  occupying  the  country  south  of  the  mountain  range  or 

uplift,  and  are  the  oldest  rocks  seen. 

Messrs.  Foster  and  Whitney,  in  a  report  on  the  Lake  Su* 
perior  Land  District  in  lb51,  give  them  the  following 
arrangement  in  descending  order : 
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Aaeoic  ststesc. 

Beds  of  qaarts  and  saccharoidal  marblt. 
Chlorite,  talcose  and  arglllaceons  slate. 
GDeiss,  mica  and  hornblende  slate. 

iQNKOUS  ROCKS,  OF  VARIODS  AOX8. 

Tni^)pean  or  volcanic  rocks. 

Masses  of  specular  and  magnetic  oxide  of  iron. 

Uornblende  and  serpentine  rocks. 

Balsalt,  amygdaloid. 

Greenstone,  or  dolerite,  porphyry. 
PitUonie  rocks. 

Feldspar  and  quartz  rock. 

Syenite. 

Granite. 

The  jPotsdam  Sandstone^  or  that  portion  which  is  equiva- 
lent to  the  Red  Sandstone,  overlies  all  the  foregoing,  and 
although  very  much  broken  by  intrusions  and  overflows  of 
trap,  and  often  reduced  to  the  form  of  a  conglomerate,  or  a 
Tolcanic  tufa,  is  not  regarded  by  Foster  and  Whitney  as 
belonging  to  the  series  of  metamorphic  rocks. 

(c.)     Their  Economical  Value. 

In  the  State  of  Minnesota  these  rocks  are  known  to  con- 
tain variable  quantities  of  gold,  silver,  copper  and  iron.     As, 
yet  no  extensive  exploitation  of  these  metals  has  been  made. 
Veins  of  gold  and  silver  bearing  quarts  are  known  to  occur 
in  the  vicinity  ot  Vermilion  Lake,  and  at  other  places  on  the 
north  shore  of  Lake  Superior.     Recently  gold  has  also  been 
reported  from  the  vicinity  of  Red  Lake.     Veins  carryiog 
native  copper,  as  well  as  the  sulphuret  and  carbonate,  also 
occur  on  the  Kettle  river,  and  at  Taylor's  Falls  on  the  St. 
Croix  river.     Iron  ore  in  unlimited  quantities  is  said  to  exist 
in  the  dividing  ridge  between  Lake  Superior  and  Vermilion 
Lake.     Other  materials  of  economic  importance  also  pertain 
to  these  rocks.    The  gray  **  granite"  quarried  at  St.  Cloud 
contains   both   mica  and  hornblende  (or  pyroxene)  ;    the 
quartz  is  slightly  amethystine,  or  smoky,  and  makes  up 
about  one  half  the  bulk  of  the  whole,  while  unmistakable 
feldspar  is  almost  entirely  wanting.     It  has  also  a  very  few 
minute  crystals  of  pyrites.    It  is  being  considerably  intro- 
duced into  some  of  the  largest  structures  both  in  St.  Paul 
and  Minneapolis,  and  in  various  cities  of  the  Mississippi 
valley.    Its  composition  renders  it  a  very  durable  building 
material,  even  more  enduring  than  typical  syenite  or  granite. 
Roofing  slate  is  also  one  of  the  economical  products  of  the 
metamorphic  rocks,  known  to  exist  in  Minnesota.     There  is 
DO  doubt  but  unlimited  quantities  of  this  material  will  jret 
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be  found  withiu  the  State.  The  efforts  that  have  hitherto 
been  made  to  manufacture  this  article  and  introduce  it  into- 
the  markets  of  the  Northwest,  in  the  vicinity  ot  Thompson* 
have  not  been  very  successful.  It  is  believed,  however^ 
that  the  fault  lies  not  in  the  material  itself,  but  in  the  man- 
ner it  has  been  handled.  For  fire  stone  the  talcose  slates, 
associated  with  the  Huronian  series  in  the  eastern  extension 
of  these  rocks  in  Michigan  and  Canada,  are  very  welt 
adapted.  These  rocks  also  ought  to  supply  steatite,  or  soap- 
stone,  and  no  doubt  hold  considerable  beds  of  variegated 
and  saccaroidal  marble.  It  will  be  a  prominent  object,  m 
the  progress  of  the  survey,  to  bring  these  various  economical 
resources  into  careful  observation  and  investigation.  At 
the  present  time  little  is  known  beyond  the  foregoing  state- 
ment of  facts,  although  private  parties  have  made  more  or 
less  detailed  surface  exploration. 

2.      THE  POTSDAM  SANDSTONE. 

(a.)     Preliminary  Considerations. 

This  term  is  strictly  applicable  only  to  the  sandstones  of 
New  York  State,  to  which  the  name  was  first  given,  and  ta 
the  equivalents  of  those  strata  in  their  extension  through 
the  west.  It  has  been  abundantly  proved  that  the  red  sand- 
stones ot  Lake  Superior,  however  disturbed  and  changed 
locally,  or  however  much  increased  in  thickness  by  the 
agency  of  volcanic  outbursts,  are  the  exact  equivalents  of 
the  New  York  Potsdam.  They  occupy  the  first  position 
over  the  metamorphic  slates  of  the  Iluronian  rocks  on 
which  they  lie  unconformably,  and  from  which  they  differ 
in  being  but  slightly  and  only  locally  metamorphosed.  They 
retain  usually  their  evidently  sedimentary  characters,  and 
have  not  well-preserved  fossil  remains.  By  the  Canadian 
geologists  the  term  Poisdafn  is  made  to  cover  a  group  of 
arenaceous  strata,  the  lower  portion  only  of  which  is  the 
real  equivalent  of  the  New  York  Potsdam.*  In  Michigan 
the  name  is  given  only  to  the  red  sandstones,  the  overlying 
light-colored  sandstones  being  regarded  as  a  part  of  the 
Galciferous  sandrock.^  Dr.  Houghton  as  early  as  1841  dis- 
tinctly stated  in  his  Annual  Report  to  the  Michigan  Legisla- 
ture, that  the  *•  Upper  Gray  Sandstone*'  is  not  conformable 
with  the  ** Lower  or  Red  Sandstone  and  Shales.*'     (See  his 


*  See  Geology  of  Canada,  1S63.    p.  S7. 

t  See  Biennial  Report  of  Progress,  1860,  p  49. 
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report  for  1841,  p.  19.)  In  Wisconsin  the  same  sandstone 
occupies  a  wide  circular  belt  surrounding  a  granite  center. 
The  overlying  light-colored  sandstones  are  found  there  to 
lie  unconformably  on  the  red  sandstones  where  they  have 
been  tilted  by  volcanic  agency.*  Dr.  C.  A.  White,  of  the 
geological  survey  of  Iowa,  has  described  a  red  sandstone  or 
-quartzite,  occurring  in  outcrop  on  the  Big  Sio|ix  liver  and 
in  southwestern  Minnesota,  and  given  it  the  special  name  of 
Sioux  QuartzilCy  proving  conclusively  that  it  is  both  older, 
and  unconformable  with  the  light-colored  sandbtones  that 
occupy  a  conspicuous  place  in  the  bluffs  of  the  Upper  Mis- 
sissippi, below  the  Lower  Magnesian  limestone.^  At  New 
Ulm,  and  at  other  points  in  southwestern  Minnesota,  the 
same  quartzite  forms  some  of  its  characteristic  outcrops.  It 
rises  suddenly  above  the  superincumbent  drift,  exposiug  at 
New  Ulm  about  350  feet,  with  a  dip  of  thirty-six  degrees  to 
the  north.  Its  features  here  are  easily  identifiable  with 
those  of  the  Potsdam  at  the  rapids  in  the  St.  Mary's  river, 
at  Sault  Ste.  Marie,  Mich.  In  their  passage  to  the  west  the 
overlying  light-colored  sandstones  seem  to  become  more 
largely  developed.  They  acquire  a  thickness,  including 
the^ intercalated  beds  of  shale,  of  about  six  hundi*ed  feet,  in 
their  exposures  along  the  Mississippi  river. 

On  the  other  hand  Dr.  D.  D.  Owen,  finding  these  upper 
sandstones  abutting  undisturbed  against  the  trap  outbursts 
at  the  falls  of  the  St.  Croix,  supposed  at  once  that  he 
reached  there  the  true  paleozoic  bas^e^  Fossils  gathered 
•there,  and  at  other  points  on  the  Upper  Mississippi,  in  these 
and  associated  beds,  were  described  as  coming  from  the 
Potsdam  Sandstone^  and  were  supposed  to  belong  to  a  hor- 
izon much  lower  than  that  of  the  Lingula  Beds  of  the 
Potsdam^  of  New  York.  The  name  has  been  still  further 
removed  from  its  original  use  by  the  Iowa  geologists,  in  its 
application  only  to  these  upper  beds^  and  in  giving  the  name 
Sioux  Quartzite  to  the  only  weEtern  representative  of  the 
original  Potsdam.  Dr.  Owen,  although  he  recognized  many 
ipoints  of  difference  between  the  Lake  Superior  and  New 
York  Potsdam,  and  these  ligbt-colored  sandstones  of  the 
St.  Croix  and  Upper  Mississippi,  seems  not  to  have  noted 
the  impoi-tant  fact  that  the  former  are  everywhere  subject 
(to  distortions  and  fractures  by  volcanic  forces,   while  the 

*  R.  Irving,  on  the  Age  of  the  Quartzites,  &c.,  of  Sauk  county,  Wis., 
^m.  Jour.  Feb..  1S72. 


t  Geology  of  Iowa,  1870.    Vol.  I.,  p.  167. 

tGeolog4cal  Report  on  Wisconsin,  Iowa,  and  Minnesota,  p.  50, 
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latter  are  never  known  to  be  disturbed  by  such  causes. 
It  is  true  that  he  embraces  both  the  red  and  the  light-colored 
sandstones  in  the  desiginaton  of  *<  Potsdam,"  and  argues  at 
length  to  prove  the  greater  age  of  the  red.* 

It  is  in  accord  with  geological  precedent,  therefore »  t 
separate  these  two  sandstone  formations  under  different 
names,  nAaining  the  name  of  Potsdam  for  the  older,  and 
giving  provisionally  the  name  of  the  St.  Croix  river,  on 
which  they  are  best  exposed,  to  the  latter. 

The  following  reasons  may  be  assigned  : 

1st.  The  Potsdam  beds  were  laid  down  before  the  close  of 
the  volcanic  disturbance  so  evident  in  the  rocks  of  the 
early  Silurian  and  pre-Silurian  ages;  the  8t.  Croix  beds 
weie  deposited  and  still  lie  in  horizontal  layers,  unconform- 
ably  not  only  over  the  Laurentian  and  latest  trappean  rocks 
of  the  northwest,  but  also  on  the  upturned  beds  ot  the  Pots^ 
dam, 

2nd.  The  observations  of  the  New  York  and  Canadian  ge- 
ologists place  the  earliest  Lingvla  beds  near  the  top  of  the 
Potsdam  Sandstone;  this  separation  of  the  8t*  Croix  beds 
does  not  invalidate  their  conclusions,  but  fixes  the  obsei^ed 
paleozoic  base  in  the  Northwest  at  some  point  higher  than 
that  of  the  Potsdam.  The  wonderful  abundance  of  fossil 
Lingulas  and  other  forms  in  the  shale  abutting  against  the 
trap  at  the  falls  of  the  St.  Croix  would  furnish  presumptive 
evidence  of  their  existence  prior  to  that  outburst.  They 
simply  have  not  been  seen. 

3d.  The  lithological  characters  of  the  Potsdam  beds  are 
uniformly  different  from  those  ot  the  dt.  Croix  beds.  The 
former  are  bard  and  often  vitreous,  usually  of  a  brickred 
color.  Their  bedding  is  very  distinct,  and  often  separated 
into  slaty  layers  by  portings  of  red  shale.  They  are  strongly 
marked  by  the  so  called  fucoidal  impressions.  They  are 
frequently  ripple-marked  and  sun  cracUed.  The  latter  are 
white  or  buff-colored,  often  friable,  and  constitute  a  heavy 
bedded  or  massive  sandstone,  of  handsomely  rounded  quartz  • 
ose  grains. 

4th.  I'hey  differ  in  chemical  composition.  The  Potsdam 
beds  contain  **a  considerable  percentage  of  alumina,  rang- 
ing sometimes  as  high  as  twenty  per  cent.,  while  of  silica 
there  is  often  less  than  fifty  per  cent.  Their  peculiar  red 
color  is  due  to  the  presence  of  a  large  proportion  of  per-oxide 
of  iron,  with  a  much  smaller  propoition  of  protoxide"  (Owen).. 

*Qeologlcal  Surrej  of  Wleonsin,  Iowa  and  Minnesota,  p.  1S7. 

Digitized  by  VjOOQlC 


UNIVBRSITY  OF  MINNESOTA.  71 

The  SL  Croix  beds  '*  oommonly  coDtain  ninety-two  per 
cent,  and  upward,  of  silica,  while  of  alumina  and  oxide  of 
iron  taken  together  they  have  seldom  more  than  three  per 
cent"  (Owen). 

They  are  separated  by  a  fifty-foot  bed  Lingula  shale  which 
lies  at  the  bottom  of  the  8i  Croix  beds. 

6th.  The  Potsdam  Sandstone  has  a  thickness  of  at  least 
four  hundred  feet  ;*  the  J3t.  Croix  Sandstone  also  has  a 
thickness  of  over  five  hundred  feet.  It  is  more  in  keeping 
with  the  canons  of  geological  nomenclature  to  give  separate 
titles  to  formations  so  well  defined  and  so  largely  developed. 

7th.  The  evidence  of  paleontological  difference  is  perhaps 
the  strongest  reason  for  separating  these  sand  stones.  The 
fossils  of  the  Potsdam  Sandstone  in  Now  York  are  Lingula 
antiqua  (Con.)  and  Lingula  prima  (Con.)  a  Discina  (or 
Or6icu2a),  and  uncertain  impress^ions  supposed  to  be  ot  a 
Pleurolomaria  and  of  crinoidal  remains.  A  species  of  Iheca 
has  also  been  described  from  Keesville.  According  to  Prof. 
James  Hall  but  three  species  are  known  from  the  Potsdam 
of  New  York.  {Foster  <&  Whitney*s  Report  on  Lake  Su* 
perior^  Part  II.  p.  230).  The  fossils  ot  the  St.  Croix  Sand- 
stone  are,  according  to  Dr.  Owen,  {Rep.  on  the  Geological 
Survey  of  Wisconsin^  Iowa  and  Minnesota,  p.  024)  the  fol- 
lowing :  • 

J>ikslo^pkaim  MlnfmotmuU,  (On.)  For  1.  d.  5tli  TrUobito  b«d,  90  to  100  foot  below  F.  S. 
Ptpiiun*U,  {On.}  **    "     "  "  "  " 

MifU$M0Mi9AOik.)         '*    ''    Srd        '*  SOOtoSSOfeet 

'*  /otfiMte,  (On.)  For.  1.  b.  Itt  Trilobite  bed,  more  than  600  feet  '' 

granuiotut^  (On.)  For.  1  d.  8rd  ''  **         900  feet  *' 

Lo»ehoc4pk(au9  Ohipp€»a4nsU,  (On.)  "  8rd  or  4th  '*  r 

hamtau9,  (On.)  For.  1.  d.  8rd  "^  200  to  8S0  feet 

drtpicsphalut  Minn4»oiMts\M  {On.)     *' 

**  WiaooiUMhHt,  (On.)     **      "  **  "  " 

MbnoMphaluM  Mlnnswt4MU,  {On.)    ''      '' 

SaoMphalM  {tpsciM  undet.)  For.  1.  f.    6th  '*  fiO  feet 

Li»gula  pinmaformii^  (On.)  ''   b.  Lingula  nhale$^  600  feet 

lAmgula  prima,  (Con.)  r  ''    ? 

jUa^Kte  ompto,  (On.)  **  c.  "*■  " 

LUgwtaaniigua^  {Con.)  '*    ? 

Orbiemia  priwM,  (On.)  *'  c. 

Obolmt  ApoUnU  ''  d.  ?  ?  ? 

Ortkis  (epeeiee  ?)  "  d.  ?  J  f 

Crinoidal  remains,  *'  d.  ?  ?  ? 

To  these  Mr.  Hnll  adds  from  Wisconsin.f 

liMwIa  poUta,  (^^  Oonoe0phalUM,  (two  tpeciet.) 

Avnyra,  (H.)  Ariotullu$. 

Tksea  vrimordialU,  (H.)  Agno9tU. 

JkrpalUm  MaroMsofU.  JHatueenu. 

GrupMiikns  ffalUanut,  (Front.)  Orthi9  Barabu^n^U,  (H.) 

OrthU,  (Bpeciet  ¥) 

*D.  Owen  mokes  the  thickness  of  the  Potsdam  (Red  Sandstones  of  L. 
Soperior)  over  five  thousand  feet.  See  OioetCB  Report  on  Wit.f  Iowa  and 
Minnesota,  p.  193. 

t  Geology  of  Wisconsin,  toI.  I.,  p.  20. 
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The  •*  Menominee  trilobite  bed,*'  of  Foster  and  Whitney 
is  placed  by  Owen  in  the  SL  Croix  sandstone.  Of  all  the 
above  species  the  real  Potsdam  sandstone  has  afforded  in 
New  York  but  three  species,  and  those  of  genera  that  range 
not  only  through  the  Lower  Silurian,  but  have  maintained 
an  existence  to  the  present  time. 

8th.  Messrs.  Foster  and  Whitney,  recognizing  the  pale- 
ontolo^ical  difference  between  the  Potsdam  sandstone  of 
New  York  and  the  St.  Croix  sandstone  of  the  northwest, 
yet  laboring  to  prove  their  horizontality,  suggest  that  the 
striking  fossils  of  the  latter  may  yet  be  found  in  the  Pots- 
dam of  New  York,*  having  been  hitherto  overlooked.  It 
would  seem  more  likely  that  the  few  fossils  of  the  eastern 
Potsdam  have  escaped  the  eye  of  western  geologists  in  ex- 
amining rocks  of  that  horizon,  than  that  the  singular  forms 
of  animals  found  in  the  St.  Croix  sandstone  of  the  west 
have  escaped  the  eye  of  eastern  geologists.  The  following 
table  of  the  number  of  species  found  in  the  state  of  New. 
York,  and  the  lake  superior  district  is  of  interest  in  this 
connection.  It  was  prepared  by  Prof.  James  Hall,  and  is 
published  in  Foster  and  Whitney's  Report  on  Lake  Superior 
land  district.     Part  II,  p.  230. 


Potsdam  Sandstone 

Calciferotts  Sandstone 

Chazy  Limestone  — 

Birds  Eye,  Black  Biver  and  |, 

Trenton f 

Hudson  River  Groap 

Clinton  Group ( 

Niagara  Group f 

Upper  Helderbery 


Lake 

Superior 
District. 

New 
York. 

8 

4 
10 

<H 

31 

2« 

8 
13 
45 

820 

54 

SOS 

? 

And  thirty  species  common  to  the 

Trenton  and  other  groups. 
Besides  thirty  other  species  commoa 
to  this  and  the  preceding  gronpe. 


Inspecting  this  table  we  see  the  number  of  fossils  found 
in  the  Potsdarn  in  the  west,  including  also  those  enumerated 
by  Mr.  Hall  from  the  St.  Croix  Sandstone,  is  equal  to 
those  from  the  Potsdam  Sandstone  of  New  York.  From 
the  Cakt/€7'ous  the  proportion  of  fossils  found  in  New  York 
is  225  per  cent,  in  favor  of  eastern  geologists.  From  the 
Cha?y  limestone  the  proportion  is  350  per  cent,  in  favor  ot 
eastern  geologists.  From  the  Birds  Eye^  Black  River  and 
Trenton  limestones  the  proportion  is  244  per  cent,  in  favor 
From  the  Hudson  River  yrouj)  the 


of  eastern  geologists. 

•Foster  and  WbitDcy's  Report  on  tbc  Lake  Saperior  land  district. 
II,  p.  184. 


Part 
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proportion  is  74  per  cent,  in  favor  of  eastern  geologists. 
From  the  Clinton  and  Niagara  groups  the  proportion  is 
1050  per  cent,  in  favor  ot  eastern  geologists.  From  the 
l^Ofper  Htlderberg  the  proportion  is  not  known,  but  probably 
\rouId  exceed  Ihe  per  cent,  of  any  of  the  other  formations, 
in  favor  of  the  eastern  geologists.  This  only  shows  the 
greater  scrutiny  with  which  the  formations  have  been  ob- 
served in  New  York  than  in  the  Lake  Superior  district,  and 
inferentially  that  the  fossils  of  the  St.  Croix  Sandstone 
have  not  been  overlooked  in  New  York.  It  seems  more 
reasonable  to  suppose  the  St.  Croix  Sandstone  is  only  an- 
other illustration  of  the  intercalation  of  arenaceous  sediment 
in  the  Lower  Silurian  of  the  northwest,  creating  really  a 
new  member  of  that  series  ot  rocks,  and  introducing  its 
own  fossils,  and  that  the  paleozoic  base  of  the  Potsdam  in 
New  York  has  not  yet  been  observed  in  the  northwest. 

Notwithstanding  these  considerations  it  has  not  been 
thought  best  to  attempt  the  delineation  of  the  areas  of  these 
sandstones  separately  on  the  preliminary  geological  map 
accompanying  this  report.  They  are  there  colored  as  one 
formation,  under  the  double  designation  of  The  St.  Croix 
and  Potsdam  Sandstones. 

According  to  Dr.  Owen  the  following  table  shows  the 
moat  persistent  elements  of  stratification  of  ttiese  great  sand- 
stone formations.  [See  Geol.  Eep.  on  Wis.  Iowa  and 
Minn.  p.  52]. 


ft. 

Qnftrtzoae,  light-colored  sandstones  of  varioas  degrees  of  indaration, 
with  Intercal  atlons  of  beds  of  Hagnesian  Limestone,  with  glistening, 
crystalline  fkceta  andcalcero-slliceous  oolite  produced  by  rounded  grains 
of  quartz  encased  in  calcareous  cement,  containing  JSitompKalus  and  im- 

C;rfect  trllobites.  Locally  with  a  band  of  green  earth • 60to6fi 
amillary  and  botryoidal  layer  of  white  sandstone;  sometimes  banded 
with  yellow 5  to  « Inches. 


Thick  beds  of  soft,  yellowish  and  brown  sandstone,  sometimes  with  ft. 
botryoidal,  hard,  projecting  concretions,;  passing  downward  into  fine- 
grained, soft  sandstones  approaching  tripofi 40  to  50 


10 
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% 
S 

•g  j  Ash-colored  and  yellowlth  arglllo-cftleftreooB  and  magnosio-caleareons 

S  1  beds,  containing  mtelocepKalus  JilnnewteMU,  SUll water  trUobite  bed,      8  to  ta 


Oreen,  red  and  yellowish  sandstones  with  thin,  schistose,  dolomitlc  In- 
tercalations      40 

Upper,  brown  dolomitlc  layers,  containing  OrthU^  Zln^Mla  and  columns 
OMM>Mea,  as  at  La  Grange  Moontain 4 


Alternations  of  yellow,  laminated  sandstones  with  green  particles  dis- 
seminated        5 

Marine  Mill  Trilobite  Grit 5 


Fncoidal  layers,  and  thin-bedded  green  and  yellow  sandstones:  at  their 
base  often  a  band  of  abont  six  inches  of  green  earth  nsed  by  the  Indians 

as  a  pigment.... 80to40 

Green  and  red  sandstones  charged  with  silicate  of  iron 6 

Loose  green  sand,  and  soft  green  sandstone 15 


Micaoeoos  sandstone  containing  Dtksloeephalua  MinitkaentU,  D.  granu- 
lata&c 8 


:s  '  Alternations  of  green  and  ferruginons  sandstones 90 

is  (^Micaceous  sandstones  containing  Dik«loo4phalu9  MimUkasMU  Ac..:  .       t 


e  ^ 


Thin  layers  of  green  sand  alternating  with  green  earth.  Impregnated 

with  siUcate  of  iron 80to4» 

Lower,  brown  siliceo-calcareoas  and  dolomitlc  bands  of  Moontain  Is- 
land and  elsewhere..... 4 

Soft,  thin-bedded  sandstones  with  scales  of  mica  disseminated 10  to  15 

Coarse  Lingnla  grit,  green,  yellow,  sometimes  almost  white 100  to  lau 


1  j  Fine  grit,  Place  of  the  Menominie  trilobite  grit(f)  white  and  yellow 
:  1  sandstones  and  Obolut  of  Black,  H 15 


5 

3  ( Ferrnginons  Trilobite  grits,  Schistose  sandstone  containing  fork-tailed 

^ ^  trilobite  bedsand  Obolut layers 1  to  8 

]g  ( Magnesio-calcareons  rock  with  Obolut  and  fork  tailed  trilobite 8 

Highly  fossiliferoas,  schistose,  siliceo-calcareoas  layers  interlaminated 
with  argillaceons,  marly  beds,  charged  with  sulphate   of  Iron;  the 

former  fall  of  LinffuUu  and  Orbicul<u.    Palls  o f  St.  Croix 60 

Sandstones  with  obliqae  lines  of  depMition,  alternating  with  pebbly 
sandstones  and  coarse  grits  of  the  Chippewa,  Black  and  Wisconsin  riv- 
ers, near  the  foils 60  to  lOC^ 

Place  of  the  lake  Superior  ferruginous  and  argillaceous  sandstones 
shales  and  conglomerates 6000 

(b.)    Area  of  the  St.  Croix  and  Potsdam  Sandstones. 
The  area  hero  described  embraces  that  of  the  light-col* 
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ored  quartzose  beds  of  the  St.  Croix  and  Upper  Mississippi 
Yalleysy  and  of  the  ferruginous  and  often  metamorphosed  , 
red  sandstones  which  lie  below  them.  It  can  only  be 
defined  approximately.  It  is  separated  by  the  area  of  the 
grsnitic  and  metamorphic  rocks  into  two  belts,  one  lying 
along  the  southeast  side  of  that  area  and  the  other  along 
the  northwest  side.  The  former  has  a  width  on  the 
St.  Croix  river  extending  from  about  lour  miles  below  the 
mouth  of  Kettle  river  to  a  point  about  six  miles  below 
Franconia.  It  runs  diagonally  across  the  State  toward  the 
southwest,  including  the  counties  of  Chisago,  the  southern 
part  of  Pine,  Isanti,  the  northern  hali  of  Anoka,  the  most  of 
Sherburne,  Wright,  the  wectern  halt  of  Carver,  the  eastern 
half  of  McLeod,  the  central  portion  of  Sibley,  the  most  of 
Nicollet,  the  northwest  corner  of  Blue  Earth,  the  greater 
portions  of  Brown  and  Watonwan,  Cottonwood,  Murray, 
Pipestone  and  Rock,  with  the  northern  portions  of  Jackson 
and  Nobles.  The  northwestern  area  of  these  sandstones  is 
supposed  to  include  the  counties  of  Traverse,  Grant,  Otter 
Tail,  the  northern  halves  of  Douglas  and  Todd,  Wadena, 
the  most  of  Cass,  and  the  central  portions  ot  Beltrami  and 
Pembina.  There  are  likewise  isolated  outliers  of  these  sand- 
stones even  within  the  area  of  the  granitic  and  metamor- 
phic rocks,  and  a  small  area  also  in  the  eastern  part  of  the 
State,  in  Carlton  and  St.  Louis  counties,  near  the  western 
extremity  of  Lake  Superior. 

(c.)  Ltlhological  Characters  of  the  St.  Croix  and  Potsdam 

Sandstone. 

The  general  lithological  characters,  and  the  differences 
between  the  St.  Croix  and  the  Potsdam  sandstones,  have 
been  snfBciently  set  forth  under  the  head  of  Preliminary 
Considerations.  It  only  remains  to  add  special  sections 
observed. 

The  lowest  rock  observed  within  the  State,  lying  above 
the  slates  of  the  metamorphic  series,  is  believed  to  be  the 
red  quartzite  seen  at  Redstone,  near  New  Ulm.  Such  stone 
is  said  also  to  occur  on  the  upper  tributaries  of  the  Cotton- 
wood, viz. :  on  Dutch  Charley's  creek,  T.  108,  R.  37  ;  also 
on  a  branch  of  the  Watonwan  creek,  T.  107,  R.  34.  At 
the  former  place  it  is  now  quarried,  and  is  about  to  be  at  the 
latter.  These  places,  however,  have  not  been  visited, 
though  the  characters  of  this  quartzite  are  so  striking;  that  the 
most  unskilled  observer  could  not  fail  to  identify  the  stone. 
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At  Redstone  tho  beds  are  tilted  at  an  angle  of  35  to  40 
degrees  toward  the  north,  showing  their  jagged  edges  which 
stick  out  along  the  north  bank  of  the  river.  The  exposed 
rock  rises,  a  short  distance  north  from  the  river  banks,  to  a 
height  of  150  to  250  feet  above  the  lowest  exposed  beds. 
In  these  bald,  lichen-covered  knobs  the  dip  is  maintained  to 
the  north  at  the  same  angle,  making  as  much  as  350  feet  ot 
stratification  exposed.  The  surface  of  these  knobs,  and  in 
general  the  surface  exposure  of  the  whole,  is  much  more 
indurated  and  quartzitic  than  those  lower  beds  that  have  been 
opened  by  quarrying  and  by  the  cutting  for  the  railroad 
grade.  It  appears  as  if  the  greatest  metamorphism  had 
taken  place  over  the  surface,  the  lowest  strata  seen  being 
more  perfectly  bedded  and  thinner,  as  well  as  argillaceous 
and  wave-marked.  The  whole  is  of  a  reddish  color,  varying 
from  brick-rod  in  the  lower  beds,  to  a  dark-red  or  purplish 
hue,  in  tho  highly  metamorphosed  portions.  It  sometimes 
shows  a  finely  pebbly  structure,  and  some  small  spots  of  a 
softer  texture,  which  on  fracture  have  some  appearance  of  a 
greenish  impure  chert,  or  of  a  serpcntinous  or  epidotic  com- 
position. These  greenish  spots  are  closely  impacted  in,  or 
chemically  united  with  the  mass,  as  if  derived  from  it. 
Other  parts  are  more  plainly  a  sandstone,  much  less  glassy 
on  fracture,  showing  all  the  chaiacters  of  the  Potsdam  /Sand' 
Btone^  as  recognized  in  the  Lake  Superior  district.  The  fol- 
lowing characters  indicate  the  Potsdam  age  of  this  outcrop 
of  red  quartzite. 

1.  Its  red  color,  spotted  with  lighter  color,  oven  to  cream 
color. 

2.  Ripple  marks  and  mud  cracks. 

3.  Worm-marks  and  lucoids. 

8.  Thin  laminae  of  shale  separating  the  beds. 

5.  The  very  obseivable  and  regular  bedding. 

0.  The  impossibility  of  setting  any  limit  between  the  evi- 
dently sandy  and  sedimentary  portions  and  the  quartzitic 
and  metamorphosed  x^^rtions.  They  pass  one  into  the 
other  in  the  distauce  of  twenty  feet. 

7.  The  highly  inclined  position  of  the  strata. 

8.  Its  arenaceous  character,  taken  as  a  whole,  in  distinc- 
tion from  thp  talcose  and  slaty,  or  the  hornblendic  and  tho 
micaceous  nature  of  the  Huronian. 

A  singular  phenomenon  was  observed  on  these  knobs,  in- 
dicating the  recent  activity  of  volcanic  forces.  About  sixty 
rods  north  from  the  railroad  cut  the  superficial  heavy  quartz- 
itic beds  are  tossed  up  on  their  edges  in  opposite  directions. 


Digitized  by  VjOOQIC 


UNIVERSITY  OF  MINNESOTA.  77 

over  a  space  of  a  couple  of  square  rods,  some  blocks  of  ten 
feet  long  and  four  or  five  feet  thick,  standing  exactly  on 
their  edges  near  the  point  of  outburst*  These  pieces  are 
all  licU^nous  and  weathered,  indicative  of  the  great  age  of 
their  exposure  in  that  condition.  The  whole  place  looks 
very  much  as  the  tilted  beds  in  a  quarry  immediately  after, 
the  discharge  of  a  blast  ot  gunpowder.  In  the  center  of  the 
place  where  the  beds  are  most  disturbed  and  broken,  iis^ 
ures  and  openings  in  the  deeper  seated  strata  may  be  jseen, 
while  one  large  opening  descends  down  nearly  perpendicu- 
larly into  the  rock.  The  positions  of  these  loose  pieces 
which  are  undeniably  torn  from  the  beds  near  where  they 
lie,  irdieate  the  operation  of  some  powerful  subterranean 
force  since  that  part  of  the  State  was  subjected  to  the  level- 
ling process  of  glacier  ice. 

The  Lingula  Shale^  at  the  falls  of  the  St.  Croix  river,  is 
believed  to  hold  a  place  stratigraphically  above  the  sand- 
stone at  New  Ulm,  although  at  that  place  a  trap  outburst 
entirely  screens  the  actual  superposition  from  observation. 
These  shale  beds  there  abut  conspicuously  and  almost  hori- 
zontally against  the  trap  rock  which  rises  on  nearly  all  sides 
to  the  hight  of  two  or  three  hundred  feet.  At  the  village 
of  St.  Croix  Falls  a  little  creek  enters  the  river  at  the 
foot  of  Georgia  street.  Just  as  it  joins  the  river  it  passes 
over  six  or  eight  feet  of  green  shale  filled  with  Lin- 
gulas  and  Obiculaa,  of  which  there  seem  to  be  several 
species.  The  shale  is  extremely  rusty  with  iron  in  all  crev- 
ices and  paitilion  planes,  owing  propably  to  the  oxydation, 
by  the  running  water,  ot  the  tine  crystals  of  pyrites,  with 
which  much  of  the  shale  is  crowded.  After  an  obscured 
interval  of  several  feet,  believed  to  be  occupied  by  this 
shale,  at  a  point  further  up  the  creek,  the  water  passes  over 
about  ten  inches  of  coarse,  rusty  sandstone.  Still  further 
up  this  cieek  probably  similar  shale  underlies  the  immediate 
surface.  Yet  the  hills  of  trap  rock  rise  suddenly  within  a 
quarter  of  a  mile  of  the  river,  to  the  hight  of  over  150 
feet.  Further  up  the  river,  other  creeks,  entering  from  the 
east,  expose  the  same  shale  along  their  sides,  or  in  their 
beds.  At  one  point  the  immediate  bank  of  the  St.  Croix 
river  shows,  at  the  village  of  St.  Croix  Falls,  a  thickness  of 
49  It.  8  in.  of  horizontal  bedding,  measured  by  Locke's 
Level.  The  dry,  weathered  surface  of  this  blufif  has  an 
ashen  color,  3  et  exudes  a  substance  which  on  becoming  dry 
18  yellow  and  has  much  the  taste  of  alum.  There  are  also 
interlaminated  thin  layers  of  arenaceous  shale  or  sandstone, 
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more  enduring.  These,  lying  in  fragments  at  the  foot  of 
the  bluff,  show  surfaces  that  are  almost  completely  covered 
with  the  broken  or  entire  valves  of  fossil  Lingvlas  aad 
O'/iadas.  These  fossils  pervade  the  whole  thickness  of  this 
shale,  so  far  as  here  seen,  and  they  seem  to  have  gathered 
in  unwonted  abundance  in  the  isolated  depressions  or 
basins  of  the  original  taprock  surface.  Occasional  rude 
septaria  of  impure  blue  limestone  also  contain,  but  in  less 
quantities,  the  same  fossil  bivalves. 

Section  at  Winona  ^  in  Winona  Gouniy. 

In  ascending  order  the  next  section  observed  is  that  ot  the 
bluffs  at  Winona.  It  includes  also  a  partot  the  Lower  Mag^ 
nesian  Limestone.  It  shows  the  following  stratification  ia 
descending  order : 


'o 


No.  1.— Slope  ftom  the  sammit  to  the  brink  of  Observatory 

Bluff  (character  of  rock  unknown) SO  ft 

No.  2. — Arenaceous  breccia,  or  coaglomerate,  belonging  to 
the  Lower  Magnesian  Limetionet  with  considerable  cal- 
careous matter,  especially  in  the  form  of  patches  of 
calc-spar  and  some  very  hard,  gray  limestone,  which  is 
often  variegated  in  colors  of  red,  greenish  and  pink. 
It  contains  also  chert  and  colored  flint;  but  the  flint 
seems  to  be  united  with  the  matrix  as  if  produced  by 
chemical  secretion  like  the  calcite.  This  rock  forms 
the  bold  buttresses  which  in  many  places  round  out  the 
summits  of  the  bluffd  and  form  their  prominent  angles, 
as  at  Castle  Rock,  on  the  Wisconsin  side,  and  on  Ob- 
servatory Bluff,  opposite  the  Normal  School.  At  the 
railroad  cuts,  above  Stockton,  it  stands  out  in  isolated 
pinnacles  and  towers.  It  has  the  outward  aspect  of  a 
rough,  cavernous  and  concretionary  breccia. •    S5ft. 

l¥o.  8.— Heavy,  regular  beds  of  Lower  Magnesian  Lime- 
Mtone.  These  layers  are  of  a  cream  color,  hard  and  en- 
during, and  somewhat  vesicular,  but  very  extensively 
wrought  for  building.  Of  these  beds  9S  ft  4i  in.  are 
seen  in  the  singular  outlier  known  as  Sugar  Loaf 145  ft.  •    ia. 

Ko.  4.— Interlaminations  of  limestone  with  sandstone,  be- 
longing to  the  St.  Croix  Sandstone.  The  details  of  the 
stratiflcatlon  here  are  as  follows,  in  descending  order : 

(a.)— iiomogeneous,  incoherent,  white  sand- 
stone, very  similar  to  the  St.  Peter  Sand' 
stone 2ft. 

^b.)— Hard  sandstone,  with  considerable  cal- 
careous matter  having  much  the  aspect  of 
the  overlying  limestone  with  common 
masses  of  calc-spar S  ft. 

(c.)— Friable  sandstone,  white 2  ft. 

(d.)— Same  as  (b) 5  ft. 

(e.)--Loose,  sandy  shale,  with  fragments  of 

light  green  shale  In  scales. . . .  • •     1  ft  6  in. 

(f.)— Same  as  Cb) S  ft. 

eg.)— Same  as  (,a) 1ft. 
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(hO—Saroe  as  (b),  almost  a  pure  and  crystalline 

dolomite 6  ft. 

(l.)^Same  as  (a),  very  coarse  grains  of  rounded 

sand,  consisting  of  purely  white  quartz, 

with  lenticular  beds  and  masses  of  lime- 
stone   10  ft. 

<J.)— Same  as  (i),  but  more  calcareous  and  pro* 

Jecting 20  ft. 

(k.)— Sandstone ;    massive,  with  little  or  no 

calcareous  matter 13  ft. 

<1.)— Calcareous  layers,  and  thin  sand  layers 

alternating  as  above,  the  greater  portion 

being  sand,  aggregating  about M  ft. 

These   alterations  maice   up    (e)    and  (f)   of 

Owen's  general  section  (see  p.  78) 125  ft- 

No.  5 — Massive  mural  sandstone,  passing  below  a  talus, 

seen 20  ft. 

Ko.  6. — Interval,  unobserved,  hid  by  talus  fcovering  (d)  of 

Dr.  Owens'  general  sect  ion) • 226  ft  8)  in. 

Ko.  7— Hard,  massive,  ferruginous  sandstone,  containing 

Lingula  ((c)  of  Dr.  Owen's  general  section?)    This  is 

seen  near  the  base  of  the  escarpment,  nearly  a  mile 

above  Observatory  Blaff,  Keen 8  ft. 

Ko.  8.— Sloping  talus,  to  the  level  of  Winona  lake 15  ft. 

ToUlhightofblulb 694  ft.  9i  in. 

Although  other  sections  covering  more  or  less  of  the  Pote« 
'dam  and  SL  Croix  sandstones  have  been  taken  at  different 
places,  yet  nothing  has  been  observed  throwing  additional 
light  on  the  relations  of  these  two  formations,  and  they  are 
withheld  till  the  proper  time  for  reports  on  detailed  work 
by  counties. 

(d.)  lossils  of  (he  JSL  Croix  and  Potsdam  Sandstones. 

It  ha3  already  been  stated  that  the  only  fossils  found  ia 
these  sandstones  peitain  to  the  upper  or  St.  Croix*  and  that 
in  the  lower,  which  is  more  probably  the  real  equivalent  of 
the  Potsdam  Sandstone  of  New  Tork,  no  well  defined  fossil 
remains  have  yet  been  discovered  in  the  State  of  Minnesota. 
The  obscure  lucoids  and  worm-marks  have  indeed  been  seen ; 
but  their  real  oiigiu  may  be  regarded  as  yet  undeteifmiued. 
For  a  list  of  fossils  found  in  the  St.  Croix  beds,  in  the  State 
of  Minnesota,  and  enumerated  by  Dr.  Owen,  the  reader  may 
consult  a  former  page  entitled  <*  Preliminary  Consideia- 
tions.** 

it.)    Economical  Value  of   the  St.    Cwix  and  Potsdam 

Sandstone. 

The  Potsdam  Sandstone^  in  the  vicinity  of  Lake  Superior 
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where  invaded  by  the  disturbauce  of  trap  outburdts,  i» 
known  as  the  most  highly  cupriferous  rock  in  the  United 
States.  This  is  not  because  the  rock  itself  in  all  places  i* 
liable  to  contain  copper,  but  is  owing  to  the  agency  of  igne- 
ous and  perhaps  to  other  metamorphic  forces.  It  is  also* 
confined  to  the  lower  portion  of  the  formation,  and  is  accom- 
panied with  the  various  forms  of  volcanic  rock  and  conglom- 
erated What  amount  of  copper  it  may  carry  in  the  northern 
part  of  the  State  of  Minnesota  is  entirely  unknown.  As  it 
occupies  a  considerable  area  where  the  beds  are  known  to* 
have  been  highly  tilted  from  a  horizontal  position,  it  is  not 
unreasonable  to  suppose  that  copper  in  considerable  quanti- 
ties may  yet  be  found.  The  Potsdam  has  also  very  often 
supplied  a  stone  for  building  purposes,  of  a  very  superior 
quality.  The  Lake  Superior  *<  brown  sandstone"  is  frono 
rocks  of  this  age.  It  is  believed  that  the  use  of  sandstone- 
in  important  structures  is  to  become  much  more  prevalent 
than  formerly,  and  any  available  outcrop  of  this  rock  ought 
to  be  fully  proved  for  stone  of  this  kind.  The  nearest  and 
most  accessible  exposure  of  this  kind  for  the  markets  of  cen- 
tral and  southern  Minnesota  is  that  at  Redstone,  near  New 
Ulm.  As  it  is  reached  directly  by  railroad  it  is  safe  to  say 
the  time  is  not  far  distant  when  the  markets  of  the  State  will 
be  able  to  furnish  stone  from  this  vicinity  of  a  quality  equal 
to  any  found  in  the  Northwest.  It  will  also  supply  a  vast 
extent  of  country  in  northern  Iowa  which  is  largely  desti- 
tute of  stone  suitable  for  purposes  of  construction. 

Some>  ortions  of  the  HC,  Oroix  sandstone  have  been  quar- 
ried for  building  purposes,  and  at  Taylor's  Falls  it  has  been 
used  in  one  or  two  business  blocks.  It  is  of  rather  coarse- 
grain  and  friable  on  first  quarrying,  but  the  weather  operates 
to  harden  it  in  a  few  months.  It  is  of  a  lighter,  pleasanter 
color  than  the  Potsdam.  Except  for  the  manufacture  of 
glass,  lor  which  much  of  the  light  sandstones  of  the^St.  Croix 
beds  is  suitable,  and  favorably  exposed  along  the  Mississippi 
river,*  it  is  not  known  that  there  is  any  other  important 
use  to  which  these  formations  may  be  put.  Some  of  the 
clays,  especially  those  stained  with  iron,  may  be  made  use- 
ful for  pigments,  and  the  bed  of  red  Cailinitey  used  formerly 
by  the  Indians  in  Pipestone  county ,  takes  a  polish  which  will 
render  it  valuable  f  >r  small  ornaments. 

*At  Red  Wing  Mr.  Pascall  Smith  so  utilizes  this  formation,  shipping  it 
by  barges  down  the  Mississippi  to  points  in  lUiools. 
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3.      THE  LOWER  MAGNESIAX  LTMBSTOXE. 

(a.)     Its  Area. 

Begin  Dtng  at  the  southeastern  corner  of  the  State  where 
this  limestone  forms  the  summits  of  the  bluffs  of  the  Mis- 
sissippi and  supports  the  high  table-land  that  extends  west- 
ward from  the  river,  this  formation  occupies  a  belt  of  ir- 
regular width  along  the  west  side  of  that  river  to  a  point  a 
little  above  Hastings,  where  its  western  limit  crosses  the 
Mississippi.  The  eastern  edge  of  this  belt  runs  along  the 
east  side  of  the  Mississippi  including  considerable  of  the 
State  of  Wisconsin.  Hence  it  underlies  the  most  of  Houston 
county,  the  northeastern  part  of  Fillmore,  the  eastern  half 
of  Winona,  nearly  the  whole  of  Wabashaw,  and  the  eastern 
portions  of  Goodhue  and  Dakota.  North  of  the  Mississippi 
this  belt  curves  more  to  the  west,  bringing  its  eastern  mar- 
gin across  the  St.  Croix  river  a  few  miles  below  Franconia. 
Passing  westward  this  limestone  underlies  the  northern  and 
eastern  portions  of  Washington  county,  the  central  portions 
of  Anoka,  Hennepin  and  Carver,  the  most  of  Scott  and  Le 
Saeur,  the  eastern  portions  of  Sibley  and  Nicollet,  the  cent- 
ral portions  of  Blue  Earth  and  Martin  and  the  southern  por- 
tions of  Jackson  and  Nobles.  In  the  northwestern  part  of 
the  State  an  area  is  supposed  also  to  be  underlain  immedi- 
ately by  this  limestone,  but  its  limits  are  entirely  conjectural, 
so  tar  HS  they  are  expressed  on  the  accompanying  preliminary 
map.  The  same  is  true  in  respect  to  the  boundaries  of  th:s 
limestone  in  the  southwestern  part  of  the  State. 

(b)     Its  General  Lithohgical  Characters. 

The  eastern  name  of  this  limestone  is  Caldferous  Sand- 
rocky  so  named  from  the  intimate  mixture  ot  dolomitic  and 
arenaceous  ingredients.  In  Minnesota,  however,  a  largo 
proportion  of  this  member  of  the  Lower  Silurian  is  a  truly 
magnesian  limestone,  and  almost  free  from  sand.  In  some 
places  heavy  and  continuous  layers  of  white  sand  are  found 
between  equally  heavy  and  persistent  layers  of  limestone ; 
while  throughout  the  whole  thickness  of  the  formation  the 
uniformity  of  the  bedding  is  liable  to  interruption  by  the 
inexplicable  occurence  of  isolated  masses  of  breccia,  or  cav* 
emous  conglomerate,  in  which  the  arenaceous  and  calcare- 
ous qualities  are  intimately  and  confusedly  mixed.  The 
lower  beds  are  often  abundantly  intersahtified  with  and 
11 
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broken  by  more  or  less  continuous  bands  of  chert.  Dis- 
tinctly oolitic  characters  also  sometimes  prevail.  Its  color 
is  light,  varying  from  a  cream  color  or  light-buff,  to  a  pink- 
ish salmon.  While  much,  even  of  the  most  evenly  bedded 
portions  of  this  limestone,  is  somewhat  vesicular  or  shows 
spar-lined  cavities,  its  general  firmness  is  very  great,  and  it 
forms  the  prominent  angles  to  the  summits  of  the  bluffs  on 
either  side  the  Mississippi  below  the  confluence  of  the  St. 
Croix.  These  even  and  heavy  layers  are  those  usually 
quarried  for  building-stone,  while  the  less  regular  and  con- 
cretionary parts  are  better  adapted  to  lime  making,  both 
from  the  greater  ease  with  which  the  beds  may  be  removed 
and  their  comparative  freedom  from  sandy  and  clayey  im- 
purities. 

The  following  sections  have  been  taken  from  exposures 
of  this  limestone,  in  addition  to  that  given  in  conneciiou 
with  the  underlying  sandstone,  at  Winona,  (p.  78)  and 
will  further  elucidate  the  lithological  characters  of  the  for- 
mation. 

Section  at  Quincy^  in  Olmsted  County. 

Taken  near  the  dam,  in  descending  order. 

Ko.  1.— Lotoer  Magntsian  Limestone;  quite  arenaceous,  falling 
out  in  huge  masses  which  are  rough,  distorted  in  their  crude 
bedding,  and  unmanageable  as  a  quarry-stone,  showing  much 
calc-spar.  Limestone  and  sandstone  are  mingled  with  occa- 
sional strips  of  a  light-green  shale.  In  general  the  face  pre- 
ctcnts  the  appearance  of  an  alternation  of  horizontal  layers  of 
thin  and  more  shaly  beds,  with  heavy,  coarse  and  rough  lime- 
stone beds.  Some  green  shale  layers  alternate  with  dark 
umber  colored  (ochreous)  shale,  neither  being  more  than  two 
inches  thick.  They  are  tortuous  and  not  continuous.  This 
phase  appears  like  the  tops  of  the  blufCs  at  Winona,  but  is 
probably  at  a  considerably  higher  horizon 30  ft. 

No.  2.— Persistent,  white  sandstone  or  granular  quartzite,  seen.    10  ft. 

Total  exposure 40  ft. 

Section  at  Shakopce^  in  Scott  County. 

The  quarries  at  Shakopee  for  lime-burning  expose  about  twenty- 
ty-flve  feet  of  stratification,  though  the  bedding  is  much  con- 
ftised  and  almost  obliterated  by  chemical  and  other  meta- 
morphie  agencies.  The  stone  is  very  rough  and  very  often  a 
true  breccia.  It  is  somewhat  arenaceous,  and  also  argillace- 
ous. Some  small,  shapeless  cavities  are  filled  with  a  green- 
ish shale,  which,  If  indurated,  would  be  like  some  flinty  spots 
often  seen  in  the  same  formation,  as  at  Winona.  Some  of 
this  shale  is  so  hard  as  to  have  concholdal  fracture,  and  some 
Is  so  soft  as  to  be  like  wax  or  putty  in  the  fingers.    It  varies 
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throngh  different  shades  of  green  and  bine.  It  seems  to  be 
inUmatelj  blendeu  In  texture  with,  and  Insensibly  passes 
into,  the  compact  limestone  of  the  most  floe-grained  portions 
of  the  quarry.  It  is  not  a  common  ingredient.  Some  other 
carities  are  lined  with  incrastatlons  of  mammillated  and 
dnuyqaartz.    Exposed  aboat 25ft. 

Section  at  Mankato^  in  Blue  Earth  County. 

(Quarry  of  Max  field  and  Sous :  in  descending  order:  gen* 
tledipN.E.) 

No.  1. — ^Porons  magnesian  limestone,  not  used 4  to  6  ft. 

Ko.  2.^Coarse,  firiable  sandstone 2  to  4  ft. 

Ko.  3. — Magnesian  limestone,  barned  for  lime 2  ft. 

No.  4. — Catciferous  sandstone,  in  heavy  beds,  of  various  grain 

and  texture,  sometimes  mottled,  quarried  for  building 80  ft. 

No.  5. — Shale,  arenaceous  and  mottled  with  red 3  ft. 

No.  6. — Calciferons  sandstone,  used  as  a  cut-stone,  for  sills  and 

fronts 4  ft. 

No.  7.— Bough  and  irregular  sandstone 12  ft. 

Total  exposure ftl  ft. 

(No.  7  here  18  probably  the  upper  portion  of  the  St.  Croix 
Sandstone.  The  thickness  of  the  Lower  Magnesian  is  nt 
least  230  feet,) 

(c)    Fossils  of  the  Lower  Magnesian  Limestone. 

Thir.  great  dolomite  is  comparatively  meagre  in  fossil  con- 
tents. It  a£Ebrds  a  small  number,  {three  according  to  Dr. 
Shumard),  of  species  ot  trilobites,  and  a  few  of  bivalve  and 
univalve  molluscs.  Of  these  the  most  characteristic  are 
Dikelocephalus^  and  other  trilobites  **  allied  to  the  family 
Olened€»'*  (Shumard)  ;  a  handsome  little  Zm^u^a,  <<of  an 
ovate  shape,  with  fine  concentric  striae,  not  distinguishable 
from  Lingula  Dacotaensis^*  (Shumard) ;  also  another  species 
of  Lingula  much  larger  ihsxiL.Dacotaensis;  an  unnamed 
species  of  P/eurotomarta( 7),  an  unknown  species  of  Orthis 
and  lerebratvla.  Besides  these  the  most  frequent  fossil, 
perhaps,  throughout  at  least  the  upper  portion  of  tha  forma- 
tion, is  a  species  of  Euomphalus  (Ophiletaf)  which  is  appa- 
rently the  same  that  Dr.  Owen  has  described  and  named 
Stroparolhis  Minnesotensis.*    The  observations  of  the  pres- 

*0n  page  484  of  Owen's  final  report  Dr.  Shumard  describes  this  fossil 
as  found  in  F.  I.  Yet  Dr.  Owen  in  his  description  [p.  681],  and  on  Plate 
II  assigns  it  to  the  Lofcer  Magnetian.  A  similar  contradiction  occurs  in 
the  double  assignment  of  J^Uurotcmaria  muralis.  It  is  referred  flrom 
the  same  locality  both  to  F.  2,  and  V.  8,  so  constantly  that  it  cannot  be 
attributed  to  typographical  oversight. 
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ent  survey  baveonly  didclosed  a  gasteropod  foBsil,  probably 
the  same  Euomphalus  in  the  upper  portion  of  the  formation^ 
seen  in  the  bed  of  the  Zumbro,  at  Rochester,  near  the  Brad- 
ley  House ;  and  a  species  of  Lingula  answering  tho  charac- 
ters of  X.  Daootaensis^  in  the  same  stone  where  quarried  by 
Messrs.  Maxfield  and  Sons,  at  Mankato. 

In  Iowa  crinoidal  remains  are  found  in  the  Lower  Mag^ 
nesian.  In  Wisconsin  near  Madison  a  Dikelacephaltis  trilo- 
bite  was  found  in  the  drift,  supposed  to  be  from  the  Lower 
Magnesian^  and  Prof.  Hall  also  reports  various  indistinct 
remains  ot  Orthoceraiites.  In  Western  Canada  the  Lower 
Magnesian  exhibits  a  more  abundant  fauna,  including  differ- 
ent genera  of  trilobites,  orthoceratites,  gasteropods,  and 
brachiopods.  The  great  * 'Quebec  Group'*  which,  in  Eastern 
Canada,  is  supposed  to  include  the  Lower  M/gnesian  of  the 
Northwest,  unfolds  an  entirely  new  and  wondrously  rich 
assemblage  of  Silurian  fossils. 

(d.)     Economical  Value  0/  the  Lower  Magnesian. 

The  value  of  this  limestone  is  greatly  enhanced  by  its- 
stratigraphical  position.  It  is  not  only  the  lowest  in  the 
geological  series  of  the  State,  but  it  is  separated  from  the 
next  higher  by  a  considerable  thickness  of  friable  sandstone. 
Therefore  it  must  serve  all  the  uses  to  which  limestone  may 
be  put,  throughout  the  area  of  the  granitic  and  metamorphic 
rocks,*  and  also  throughout  the  adjoining  belts  of  the  Pols- 
dam  and  the  iSt.  Croix^  and  tho  j8L  Peter  sandstones  on 
either  side. 

As  its  name  indicates,  it  is  not  a  pure  limestone,  but  » 
dolomite,  or  magnesian  limestone.  It  usually  contains  about 
one  equivalent  of  carbonate  ot  lime,  and  one  of  carbonate 
of  magenesia,  with  some  insoluble  silicates,  and  traces  of 
alumina  and  iron,  the  largest  per  cent,  being  made  up  of 
carbonate  of  lime.  It  was  formerly  believed  that  a  doiom- 
itic  limestone  was  not  adapted  to  lime-burning.  The  pure 
limestones,  or  those  that  comprise  about  ninety  per  cent,  ot 
carbonate  of  lime  were  eagerly  sought  for  the  strength  and 
quickness  of  the  lime  they  afford.  Such  is  the  character  of 
most  of  the  first  twenty  feet  of  the  Trenton  Limestone^  which 
lies  above  the  St.  Peter  Sandstone.  It  has  more  recently 
been  found,  however,  that  the  magnesian  limestones,   to 

*  No  notice  is  here  taken  ot  metamorphic  lim€$tone8t  some  of  whteb 
may  occur  in  Minnesota.  The/  ftirnish  the  marbles  of  the  New  England 
states. 
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nvhich  class  belong  most  of  those  of  Upper  Silurian  age  in 
the  northwest,  as  well  as  the  Lower  MagneMan  and  the 
OaUna  of  the  Lower  Silurian,  afford  a  quicklime  which,  al- 
though less  hot  in  slacking,  and  slower  in  setting,  is  on  the 
other  band  more  cheaply  burned  and  better  adapted  to  the 
uses  of  common  mortar. 

*«  The  properties  of  these  limestones  are  very  different. 
Those  of  the  first  class  require  to  be  submitted  to  a  higher 
temperature  in  <  burning'  than  the  second.  They  slake 
promptly  and  thorougly,  and  in  the  operation  evolve  a  great 
degree  of  heat.  From  this  last  tact  they  are  termed  *  hot ' 
or  *  fiery  *  limes.  They  *  set '  or  harden  so  soon  that  but 
two  or  three  bricks  can  be  laid  with  one  spreading  of  mor- 
tar, and  walls  that  are  made  of  them  have  a  tendency  to 
*  chip-crack.'  It  is  quite  likely  that  this  last  named  prop- 
erty can  be  attributed,  in  some  degree,  to  the  silica  and 
alumina  that  they  contain. 

The  second  class  contains  those  limes  that  are  called  'cool.' 
They  do  not  give  out  as  much  heat  in  slaking  as  the  limes 
of  the  first  class,  nor  do  they  *  set*  as  soon.  From  five  to 
twenty  bricks  can  be  laid  with  a  single  spreading  of  mor- 
tar, in  plastering  a  corresponding  advantage  can  be  ob- 
tained. 

On  purely  practical  grounds  the  builders  of  southwestern 
Ohio  have  come  to  recognize  the  greater  desirability  of  the 
limes  of  the  last  named  class,  and  none  others  can  now  find 
market  in  the  cities  and  towns  of  this  portion  ot  the  State." 
[Prof.  Edward  Orton,  on  the  Geology  of  Montgomery 
countv,  in  the  First  Report  of  Progress  of  the  Geological 
Survey  of  Ohio,  for  1869]. 

The  lime  made  from  the  Lower  Magnesian  in  Minneeota 
is,  so  far  as  observed,  of  a  very  dark  color.  It  is  distin- 
guished in  some  places  as  *<  black  lime,"  in  comparison  with 
that  burned  from  calcareous  tufa,  which  is  called  **  white 
lime."  In  other  places  it  is  known  as  *Meather  colored" 
lime.  Yet  even  where  the  bulk  of  the  lime  produced  is  of 
a  dark  color  some  inconsiderable  spots  and  streaks  are 
almost  as  white  as  lime  made  from  any  other  formation. 

The  lime  made  at  Shakopee,  in  Scott  county,  is  exceedingly 
dark,  and  is  commonly  known  as  leather-colored.  It  has 
not  the  purplish  or  ashen  tint  of  some  dark,  Ohio  limes 
from  the '  Hamilton  limestone,  but  an  ochreous  or  umber 
color.  It  is  also  specked  and  sometimes  streaked  with 
whitish  spots  or  with  shades  of  lighter  brown,  and  in  slack* 
ing  it  takes  the  color  of  rich  cream. 
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At  the  kilD  of  Mr.  Isaac  Lincoln,  lime  sells  at  75  cents 
per  ban*el  of  225  pounds,  on  the  ground.  Last  year  16,000 
barrels  were  shipped,  or  an  average  of  1,300  barrels  per 
month.  The  monthly  production  sometimes  reaches  2,700 
barrels.  The  markets  are  mostly  St.  Paul  and  Minneapolis. 
Mr.  Lincoln  burns  from  four  to  five  cords  of  mixed  wood  to 
each  hundred  barrels,  and  uses  a  constant  kiln  of  a  patent 
unknown. 

The  other  kiln  at  Shakopee  is  owned  by  Mr.  Baptisto 
Centre.  Lime  here  sells  mostly  at  St.  Paul  and  Minneapolis 
at  75  cents  per  barrel.  The  monthly  production  is  irom. 
1,200  to  1,700  barrels,  consuming  tour  or  five  cords  (mostly 
four  cords)  of  mixed  wood  per  hundred  barrels.  The  kiln 
is  similar  to  that  of  Mr.  Lincoln.  At  Louisville,  four  miles 
further  up  the  Minnesota  valley,  are  two  other  liniekilns 
employed  in  burning  the  Lower  Ma^nesian. 

At  Mankato,  in  Blue  Earth  county,  the  quarry  of  Messrs. 
Maxfield  and  Son  supplies  both  quicklime  and  building  stone. 
The  former  is  delivered  at  the  depot  at  80  cents  per  barrel 
of  225  pounds.  Twentj'  cords  of  mixed  wood  burn  three 
hundred  barrels. 

Stone  from  the  quarry  of  Messrs.  Maxfield  and  Son,  at 
Mankato,  has  been  used  in  the  construction  of  the  Catholic 
church  at  that  place.  The  foundation  and  all  dressed  stone 
in  the  Second  Normal  School  building  are  from  the  same 
quarry.  The  foundation  and  dressed  stone  in  the  City  Bank, 
and  in  Harmonia  Hall,  as  well  as  the  entire  structure  of 
Hi&gins  Hall,  and  the  fronts  of  several  business  blocks,  at 
Mankato,  are  from  the  same  quarry. 

At  Kasota,  in  Le  Sueur  county,  the  Lower  Magnesian  is 
considerably  wrought,  and  is  finding  market  at  Minneapolis 
and  St.  Paul.  Quarries  here  are  owned  by  Reuben  Buttars, 
J.  W.  Babcock,  and  by  Downs  Brothers.  The  stone  itself 
is  handsomely  tinted  with  pink ;  and  for  its  beauty,  its  regu- 
larity of  bedding  which  is  sometimes  nearly  two  feet  in  thick- 
ness, and  its  homeogenous  texture  which  renders  it  easy  to 
shape  into  all  forms,  it  is  adapted  to  ornamental  work  as  well 
as  heavy  masonry.  It  is  cut,  as  at  Mankato,  into  posts,  sills, 
caps  and  watertables.  For  its  adaptability  to  all  uses  it  is 
worthy  of  being  ranked  with  the  Waverly  Sandstone,  and 
it  is  more  enduring  even  than  that,  under  the  action  of  at- 
mospheric changes,  owing  to  the  more  general  and  abundant 
dissemination  of  the  calcareous  cement;  while  its  varie- 
gated coloring,  and  its  more  lively  expression  make  it 
preferable  in  many  kinds  of  work.    It  is  used  in  the  north 


Digitized  by 


Google 


irNrVKB8ITY  OP  HCITNESOTA.  87 

and  south  wings  of  the  State  Lunatic  Asylum  at  St.  Peter, 
and  the  central  portion  of  the  building,  when  completed, 
will  contain  it.  The  Episcopal  church,  and  the  old  Asylum 
building  are  also  constructed  from  it.  The  new  Baptist 
church  at  St.  Paul  is  being  made  from  the  Kasota  stone.  In 
old  structures  where  it  has  been  exposed  for  a  number  of 
years  to  the  dbintegrating  action  of  the  elements,  it  shows 
as  sound  and  hard  as  ever.  It  even  becomes  harder  on  ex- 
posure, as  the  quarry  water  dries  out. 

At  St.  Peter,  in  Nicollet  county,  a  quarry  owned  by  the 
Asylum  farm  affords  a  stone  of  a  lighter  color,  but  other- 
wise very  similar  to  that  from  Kasota,  being  also  in  the 
Lower  Magnesian. 

At  Eed  Wing,  in  Goodhue  county,  the  quarries  near  the 
top  of  La  Grange,  or  **Barn  Bluff,"  supplied  from  the 
Lof€er  Jdagnefrian  the  stone  put  in  the  railroad  bridge 
over  the  Mississippi  at  Hastings,  and  also  that  used  in  the 
Episcopal  church  at  Red  Wing. 

At  Winona,  in  Winona  county,  valuable  quarries  in  this 
formation  have  been  opened  in  the   «*Sugar  Loaf,**  by  Mr. 
Toms,   and  in  the  bluff  next  west  of  Sugar  Loaf  by  Mr. 
-  James  Burke.     These  quarries  supplied  the  trimmings  and 
all  cut-stone  used  in  the  First  Normal  School  at  that  place. 
At  Stillwater,  in  Washington  county,   the  Lower  Mag^ 
nesian  is  extensively  used  for  the  most  important  structures. 
Some  of  it  is  quite  close-grained,  and  without  pores,  mak- 
ing a  fine  cut-stone  of  a  light  cream-color.     Some  of  it,  from 
the  same  quarry,  is  also  very  rough  and  porous,  and   of  a 
darker  color.     That,  however,  which  is  rough  and  porous  is 
as  enduring  as  that  which  is  compact.     Indeed  the  porous 
masses  are  apt  to  be  more  lasting  and  in  heavier  beds   than 
the  close  grained.     This  stone  has  been  put  into  the  Public 
School  House  at  Stillwater,  and    as   trimmings    in   many 
houses  built  of  brick.     The  State  Prison  at  the  same  place 
is  built  of  it.     The  Court  House  is  of  red  brick,  (made  near 
Stillwater),  the  trimmings  being  of  the  Lower  Magnesian 
quarried  at  Stillwater,  and  of  the  blue  flagging,  from    he 
Trenton  quarried  at  St.  Paul.     The  steps  in  front  and  the 
walls  at  the  ends  of  the  steps  are  of  the  Lower  Magnesian^ 
while  the  coping,  sills,  lintels  and  water-tables  are   of  the 
darker  colored  IVenion.     Several  churches  at  Stillwater  are 
made  of  the  Lawer  Magnesian  with  Trenton  blue  flags  from 
St.  Paul,  for  sills,  caps  and   water-tables.     This  combina- 
tion of  colors  gives  the  structure  a  very  attractive  ensemble^ 
but  it  is  at  the  cost  of  durability.    It  is  a  great  mistake  to 
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place  these  blue  flags  in  such  exposed  parts  of  important 
buildings.  They  are  much  more  destructible  than  the 
Lower  Jfagnesian^  and  will  fall  out  ia  chips  and  thin  shaly 
partings  long  before  the  weather  has  any  effect  on  the  Lower 
Magnesian  of  the  main  walls. 

4.      THE   ST.   PETEB  SANDSTONE. 

(a.)     Its  Area. 

The  incohereucy  ot  this  sandstone  renders  a  definition  of 
its  area  very  difficult.  It  is  placed  between  two  important 
limestones  of  the  Lower  Silurian »  both  of  which  endure  the 
erosion  of  ice  and  water  and  the  disintegrating  action  of  at- 
mospheric forces  with  greater  persistence  than  the  sandstone 
itself.  The  underlying  Lower  Magnesian  is  apt,  in  the 
southeastern  portion  ot  the  State,  to  stretch  out  for  several 
miles  over  a  low  flat,  its  upper  surface  forming  the  basis. 
But  as  it  graually  passes,  owing  to  a  gentle  dip,  below  the 
surface,  occasional  isolated  mounds  rising  about  125  feet 
above  the  general  level  are  seen  by  the  traveler.  These  be«^ 
como  more  and  more  frequent  and  at  last  coalesce  in  the  di- 
rection  of  the  dip,  so  as  to  form  a  continuous  flat  topped 
shoulder  or  bench,  like  thef  mesas  pf  New  Mexico,  on  which 
the  same  features  of  surface  and  soil  prevail  as  on  the  lower  flat 
formed  by  the  Lcwer  Magnesian.  On  examination  of  these 
precipitous  ascents  from  the  lower  to  the  higher  prairie,  they 
are  found  to  corsist  of  the  8L  Peter  Sandstone^  capped  with 
the  first  fifteen  or  twenty  feet  of  the  overlying  Trenton  Lime-' 
stone.  As  this  protecting  limestone  has  a  thickness  of  about 
160  feet  it  also  lurnishes  a  further  ascent,  but  one  that  is  not 
marked  off  by  so  distinct  bench-lines.  Owing  to  the  occur- 
rence of  considerable  shale  and  easily  erosible  beds  at  about 
the  hoiizon  of  twenty  feet  above  the  St.  Peter  /Sandstone^  it 
happens  that  often  over  a  wide  belt  only  these  twenty  feet  of 
the  Trenton  Limestone ar^  preserved.  They  form  the  brow 
of  the  hill  that  separates  the  lower  from  the  upper  prairie, 
already  mentioned,  and  have  hitherto  been  more  fully  ex- 
amined than  any  portion  of  the  2renton  within  the  limits  of 
Minnesota.  Hence  ihe  area  of  the  St.  Peter  Sandstorie  is 
actually  reduced,  where  the  bouirdaries  of  the  formations  are 
easily  seen,  to  the  narrow  belt  forming  the  slopes  between 
the  upper  and  lower  prairies.  These  slopes  are  generally 
turf-covered.  The  delineation  ot  the  area  of  the  St.  Peter 
is  further  complicated   by  the  action  of  streams.     These 
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often  cut  their  ohannels  through  the  overlying  twenty  feet  of 
Trenton^  aud  into  the  St.  Peter  some  miles  above  thei/ 
debouchure  on  tbo  actual  area  of  tbe  St.  Peter ;  and  near 
iheir  entrance  upon  the  area  of  that  sandstone  their  channels 
are  widened  out  enormously,  the  enclosing  bluffs  receding 
rapidly  from  the  immediate  river  banks.  In  addition  to 
these  irregularities  of  outline  there  are  not  infrequently 
detached  areas  within  the  general  limit  of  the  Jreiiton  Lime- 
stone where  the  protecting  beds  of  the  Trenton  are  broken 
down  and  removed  by  some  force  not  now  in  operation, 
forming  in  the  St.  Peter  basin-shaped  depressions  the  bot- 
toms of  which  ar^  on  the  Lower  Magnesian^  the  surrounding 
bluffs  being  made  up  of  the  St.  Peter  Sandstone^  and  the 
high  prairie  stretching  out  in  all  directions  being  underlain 
by  the  Trenton.  Such  arroya  valleys,  which  are  now  with- 
out any  visible  suriace  drainage,  are  sometimes  united  by 
wide  moutbs  with  other,  larger  valleys  that  present  a  similar 
topography.  Indeed  the  whole  belt  of  country  underlain  by 
the  outrunning  Irenion  and  the  St.  Peter  Sandstone  is  made 
up  of  a  network  of  little  valleys  many  of  which  coalesce  and 
become  tributaries  to  larger  drainage  valleys,  and  some  of 
which  appear  simply  as  isolated  depressions.  It  is  a  tract 
of  rolling  country  of  great  beauty  of  natural  scenery,  and 
most  perfectly  exemplifies  the  effect  of  geological  causes  on 
tne  topography  and  agricultural  character  of  the  State. 

This  l)elt  of  rolling  land  immediately  dependent  on  the 
underlying  rock  enters  the  State  from  Iowa  in  Houston 
county,  in  a  general  northwesterly  direction.  It  embraces 
the  western  portions  of  Houston  and  Wipona,  the  eastern 
portions  of  iillmore  and  Olmsted,  and  some  poitions  of 
Wabashaw,  Goodhue  aud  Dakota  counties.  Further  north- 
west, in  the  counties  of  Bamsey,  Hennepin  and  Anoka^  the 
area  of  the  St.  Peter  Sandstone  is  heavily  covered  by  drift, 
aud  its  presence  would  not  be  known  except  for  its  expo- 
aures  in  the  Mississippi  bluffs,  and  the  known  limits  of 
adjoining  formations.  From  Dakota  county  the  St.  Peter 
Sandstone  extends  theoretically  sou th westward ly  in  a  belt 
of  6  to  10  miles  wide,  passing  through  the  central  part  of 
Eice  county,  touching  the  northwest  corners  of  Waseca  and 
Faribault,  and  leaving  the  State  again  in  Martin  county  in  a 
^southwesterly  direction.  Ou  the  other  side  of  the  granitoid 
axis,  in  the  northwestern  portion  of  the  State,  a  belt  of  this 
aandstone  is  supposed  to  exist,  ard  is  conjecturally  laid  off 
on  tbe  preliminary  map  accompanying  this  report. 
12 
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(b.)  Lithological  Characters  of  the  8l.  Peter  Sandstone* 

The  outward,  aud  also  the  chemical  characters  of  this 
sandstone,  in  Minnesota,  are,  so  far  as  seen,  remarkably 
constant  and  simple.  It  is  white,  ^^  saccharoidal,"  friable, 
uon-fossiliferous,  and  consists  almost  entirely  of  pure  quartz 
sand.  It  contains  not  enough  lime  to  act  as  cement,  and 
hence  can  almost  everywhere  be  excavated  even  with  the 
lingers.  On  exposed  surfaces,  as  along  the  bluSd  of  the  Mis  - 
sissippi,  where  dripping  water  passes  over  it,  the  grains 
become  more  firmly  bound  together  by  deposition  of  carbon- 
ate of  limo  and  iron  oxide,  and  its  delicate  whiteness  is  lost. 
Indeed,  wherever  water  in  the  smallest  quantity  is  allowed 
to  trickle  through  it,  a  deposit  of  iron  oxide  is  invariably 
seen,  since  rarely,  if  ever,  is  any  surface  water  found  entirely 
free  from  that  impurity. 

A  number  of  sections  have  been  observed  of  this  forma- 
tion, but  the  characters  seem  to  be  invariable  throughout. 
Its  thickness  is  about  125  feet,  and  it  is  the  immediate  cause 
of  a  great  many  waterfalls.  The  Falls  of  St.  Anthony  are 
caused  by  the  passage  of  the  river  from  the  Trenton  Lime' 
stone  onto  the  tit.  Peter.  The  latter,  rapidly  worn  away  by 
the  current,  leaves  the  projecting  limestone  to  fall  down  in 
heavy  blocks  as  fast  as  it  becomes  too  feeble  to  support 
further  its  own  weight.  This  protecting  cap  of  limestone 
extends  but  a  few  rods  above  the  present  brink  of  the 
falls,  and  it  was  a  thoughtless  tunneling  underneath,  in  the 
soft  St.  Peter f  that  admitted  the  water  of  the  Mississippi  a 
few  years  sincoi  above  the  limit  of  the  limestone,  thus  en- 
dangering the  existence  of  the  falls  themselves.  They 
would  soon  have  been  reduced  to  a  foaming  rapid,  which 
eventually  would  have  entirely  disappeared.  Vigorous 
measures  were  speedily  adopted  by  the  citizens  of  Minne- 
apolis, tardily  aided  by  the  U.  S.  Government,  to  secure  the 
water  power,  and  by  carefully  shutting  off  the  water  from 
the  tunnel  and  «« aproning"  the  waterfall  itself  with  heavy 
timbers  and  planking,  as  well  as  laying  over  the  river  bottom 
above  the  falls  a  thickness  of  gravel  and  clay  to  prevent  a 
further  erosion,  it  is  believed  that  desirable  object  has  been 
effectually  secured.  The  falls  of  Minnenaha  are  also  caused 
by  the  same  conjunction  of  a  drainage  stream  with  the 
boundary  line  separating  the  St.  Peter  from  the  Trenton 
Limestone.  This  unique  and  legendary  little  gem  of  a 
waterfall  has  a  perpendicular  descent  of  52  ft.  10^  inches 
from  the  brink  of  the  overhanging  limestone  to  the  surface 
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of  still  water  below.  About  twenty  five  feet  of  that  distaQce 
is  taken  up  with  the  ;St.  Peter  Sandstone.  Numerous  little 
cascades  of  greater  beauty  enter  the  Mississippi  in  the 
vicinity  of  St.  Paul  and  Minneapolis.  As  these  are  pro- 
jected over  the  limestone  rim  which  borders  the  Mississippi 
bluffs,  they  are  thrown  in  more  or  less  entire  sheets  of  clear 
water  into  the  river  below.  Such  are  known  as  The  Fawn^s 
Leapf  2he  Bridal  Veil,  The  Silver  Cascade  and  The  Silver 
Ihread. 

The  singular  pillar  in  Dakota  county,  known  as  Castle 
Eock,  consists  of  the  8t.  Peter  sandstone.  It  stands  on  the 
arch  of  the  local  anticlinal  axis  from  which  the  beds  dip 
gently  both  toward  the  north  and  toward  the  south*  and  is 
an  outlier  from  which  most  of  the  formation  has  been  re- 
moved over  an  area  of  some  miles  about.  Its  form  is  that 
of  a  somewhat  regular  right  prism,  or  parallelopipdon, 
elongated  north  and  south,  supporting  on  its  northern  end  a 
pinnacle  of  bedded  sandstone  about  four  feet  in  diameter  at 
the  base,  which  rises  above  the  general  mass  19  ft.  and  3 
inches.  A  view  from  the  west  shows  of  rock  44  leet  and 
9  inches,  rising  above  the  general  surface  of  the  sandy 
mound  on  which  it  stands.  Bock  can  be  seen  on  the  east 
side  about  20  feet  lower  than  on  the  west.  A  depression 
along  the  east  side  of  the  outlier  is  26  feet  below  the  lowest 
rock  visible.  From  the  bottom  of  this  depression  to  the  top 
of  the  tower  is  70  feet  IJ  inches.  The  irregularly  ascend- 
ing base  visible  from  the  west  is  11  it.  6  in.  The  perpen- 
dicular sides  of  the  general  mass  of  the  rock  are  14  il.,  and 
the  tower  is  19ft.  3  in.  Near  the  base  of  the  tower  is  a 
somewhat  argillaceous  layer,  or  one  less  firmly  cemented,  of 
a  iew  inches,  which  weathers  away  faster  than  the  rest, 
making  the  diameter  there  considerably  less  than  above. 
Hence  the  tower  has  a  threatening  aspect,  and  the  first  im- 
pression of  the  beholder  is  the  certainty  that  the  first  severe 
blast  of  wind  will  throw  it  from  its  place.  The  mass  of  the 
whole  is  separated  perpendicularly  by  a  number  of  divisional 
planes  that  also  may  be  seen  entering  the  rock  below  the 
castle.  These  pass  in  a  direction  N.  E.  and  S.  W.  and  have 
so  aided  the  attacks  of  the  elements  and  invited  the  ambi- 
tious but  sacrilegious  carvings  of  visitors  that  a  hole  has 
been  made  through  the  body  of  the  rock. 

(c.)  Economical  Value  of  the  St.  Peter  Sandstone. 

The  St.   Peter  furnishes  inexhaustible  quantities  of  the 
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puree!  quartz  sand.  Its  easy  excavation  renders  it  obtain- 
able for  common  mortar  and  for  glass-making.  Its  expo- 
sures along  the  Mississippi  bluffs  at  and  below  St.  Paul  in- 
vito its  use  in  the  manufacture  of  flint  glass  of  which  it  is 
known  to  make  a  very  superior  article.  At  Minneapolis  the 
close  proximity  of  waste  fuel  from  the  lumber  mills,  ample 
water-power  and  favorable  exposures  of  this  formation  ought 
long  ago  to  have  been  improved  in  the  establishment  of  a 
glass  manufactory.  At  the  present  time  Minnesota  furnishes 
from  the  Potsdam  sandstone  a  sand  believed  to  be  inferior  to 
that  from  the  St,  I^ter^  which,  taken  to  a  neighboring  state, 
supplies  the  glass  that  returns  to  her  citizens  encumbered 
with  a  double  freightage.  This  process  ought  to  be  arrested 
by  the  utilization  within  our  own  territory  of  this  vast  re- 
source, peculiar  largely  to  Minnesota.  At  present  this  sand- 
stone is  not  known  to  be  used  for  any  purpose  within  the 
State  except  for  mortar  for  the  local  markets  and  as  an  en- 
graving board  for  idle  boys.  Sometimes  beer  vaults  are 
made  in  it  along  the  river  blufi*s,  and  sewers  for  the  drain- 
age of  the  cities  of  St.  Paul  and  Minneapolis  are  excavated 
through  it,  the  overlying  limestone  affording  a  secure  roof. 

ft.      THE   TRENTON   LIMESTONE. 

(a.)     Preliminary  Considerations. 

This  term  is  here  applied  to  that  series  of  limestones 
and  shales  that  fill  up  the  interval  between  the  well  marked 
horizons  of  the  top  of  the  JSt.  Peter  Sandstone^  and  the 
bottom  of  the  G  lena  Limestone.  It  is  quite  likely  that 
when  this  series  of  beds  is  fully  examined  differences  may  be 
ascertained  warranting  its  separation  under  two  or  more 
names,  but  at  the  present  time  the  characters  of  its  whole 
thickness,  which  amounts  to  nearly  160  feet,  aro  so  little 
known  that  it  has  not  been  possible  to  establish  any  con- 
stant paleontogical  or  lithological  horizons.  Dr.  Owen,  in 
his  final  report  on  Wisconsin,  Iowa  and  Minnesota,  men- 
tions only  the  lowest  34  feet  of  these  limestones,  owing  to 
the  more  frequent  exposure,  as  has  been  mentioned  already, 
of  that  portion  of  the  Trenton.  Those  34  feet  Dr.  B.  F, 
Shumard  separates  into  the  following  parts : 

1.  Upper,  or  St.  Peter  shell  limestone,  F.  8.  c 6  feet. 

2.  Noii«Fo88iliferou8  bed,  F.  8.  b 5  feet. 

8.  Lower  shell  limestone,  F.  8.  a ; 28  feet. 
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Tlie  geologists  of  Wisconsin  have  described  these  lime* 
stones  under  the  terms  *<Buff  Limestone"  and  **BIue  Lime- 
stone/' the  former  lying  below  the  latter,  following  the  pre- 
liminary sub-division  of  Dr.  Owen»  published  in  a  report  of 
progress  in  1840.  They  there  have  a  thickness  of  70  to  90 
feet*  These  distinctions  have  not  yet  been  observed  *  in 
Minnesota,  and  the  aggregate  thickness  of  the  beds  is  con- 
siderably greater.  The  early  geologists  of  Iowa  gave  the 
term  Trenton  Limestone  to  all  the  layers  between  the 
iSl*  Peter  and  the  Ckilena^  and  assign  them  an  aggregate 
thickness  of  100  feet-t  Dr.  C.  A.  White,  also,  of  the  re- 
cent Geological  Survey  ot  Iowa,  embraces  these  shales  and 
linaestones  under  the  single  term  Trenton  Limestone^  but 
ascertains  their  thickness  to  be  about  200  feet.]:  Mr. 
Worthen,  in  Illinois,  epibraces  the  Grolena^  the  Jilue  and 
the  Bvf  limestones  under  the  term  of  Irenlon  Group^ 
giving  the  latter  two  a  united  thickness  of  70  to  105  feet,  the 
Galena  overlying,  having  a  thickness  of  250  to  300  feet.§ 

(b.)  Area  of  the  Trenton  Limestone. 

The  Trenton  occupies  a  belt  of  country  lying  just  within 
that  of  the  St.  Peter ^  in  the  southern  part  of  the  State,  and 
conjecturally  an  area  in  the  north-western  part  of  the  State. 
The  former  maybe  described  with  considerable  exactness. 
By  reference  to  the  description  of  the  area  of  the  Ht.  Peier 
it  will  be  seen  that  the  line  separating  these  two  formations 
is  very  crooked,  especially  in  the  southeastern  portion 
of  the  State,  where  the  drift  is  light.  The  causes  that  ope- 
rated to  give  this  line  such  a  winding  direction,  up  and 
down  hundreds  of  little  valleys,  seem  to  have  pertained 
largely  to  pre-glacial  time,  and  to  have  continued  also 
into,  and  near  the  close  of,  the  ice  period,— -or  to  have  re- 
curred, after  a  suspension,  during  tho  ice  period  with  all 
their  fonner  activity.  They  seem  to  have  been  closely  con- 
nected, perhaps  identical,  with  those  that  exepapted  this  re- 
gion from  the  heavy  covering  of  drift  that  prevails  further 
west  and  north.  At  least,  it  is  plain  that  the  absence  of  the 
drift  has  allowed  the  freer  action  of  the  elements  that  slowly, 
but  effectually  disintegrate  and  remove  rocky  structures,  caus- 
ing those  which  are  most  enduring  to  stand  out  most  prom- 

^Geological  Survey  of  Wisconsin,  1861,  vol.  I. 
tocology  of  Iowa,  1858,  vol.  I.  Part  I. 
tGeology  of  Iowa,  1870,  vol.  I. 
$Qeological  Sarvey  of  lUlnois,  vol.  I. 
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ineDtly,  affording  shelter  to  those  which  retreat  fastest  from 
their  attacks. 

The  western  line  of  the  St.  Peter  is  the  eastern  line  of  the 
Irenton^  in  the  southeastern  portion  ot  the  State,  and  need 
not  be  further  defined.  The  western  line  of  the  Trenton^  in 
the  same  region,  although  less  tortuous  than  the  eastern,  is 
still  quite  irregular,  the  overlining  Oalena  comparing,  in  re- 
spect to  relative  endurance,  to  the  Trenton^  very  much  as 
the  Trenton  does  to  the  St.  Peter.  It  is  impossible  defi- 
nitely to  layout  this  area  until  the  various  counties  are  ex- 
amined in  detail,  but  in  general  the  area  of  the  Trenton 
comprises  a  wide  belt  through  the  central  portions  of  Fill- 
more, Olmsted  and  Goodhue  counties,  including  three  or  four 
towns  in  the  southwestern  corner  of  Winona,  and  touching  the 
southwest  corner  of  Wabasha.  This  belt  is  then  deflected 
westward  through  the  counties  of  Rice,  Blue  Earth  and  Fa 
ribault,  leaving  the  State  probably  in  Martin  county.  Iso- 
lated areas  occur  in  Dakota  county,  capping  the  ISt.  Peter 
tSandstone^  and  a  large  detached  area  of  the  lower  portion  of 
the  Irenton^  with  a  local  dip  toward  the  north,  covers  the 
northern  portion  of  Dakota  and  much  of  Ramsey  and  Hen- 
nepin counties.  This  detached  area  gives  location  to  the 
Falls  of  6t.  Anthony.  The  area  of  Trenton  in  the  noith- 
western  portion  of  the  State  is  laid  off  conjecturally,  the 
only  guide  being  the  report  of  Prof.  H.  Y.  Hind  on  the  As- 
siniboine  and  Saskatchewan  districts  of  British  America, 
printed  in  1859. 

(c.)     Lithological  Characters  of  the  Trenton  Limestone. 

In  Minnesota,  as  far  as  seen,  the  'Irenton  Limestone  is 
abundantly  associated  with  beds  and  laminations  6t  green 
shale.  The  calcareous  layers  themselves  are  usually  from 
one  to  four  inches  in  thickness,  but  sometimes  exceed  a  foot, 
while  the  beds  of  shale  are  apt  to  be  massive  and  sometimes 
have  a  thickness  of  ten  ieet.  The  shale  beds  are  often  sup- 
plied with  fragmentary  fossils,  and  the  layers  of  limestone 
are  uniformly  fossiliferous.  The  calcareous  and  argillaceous 
portions  are  also  in  some  portions  of  the  formation  more 
closely  interstratified ;  or  the  shale  may  be  interwoven  with 
the  calcareous  layers  in  such  a  way  as  to  replace  them  at 
*  short  intervals,  the  whole  adhering  strongly  on  Iresh  fract- 
ure, but  on  being  weathered  readily  disintegrating.  This  is 
the  aspect  of  some  of  the  beds  near  the  bottom  of  the  forma- 
tion which  are  used  for  building  purposes  at  St.  Paul  and 
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Minneapolis.  The  stone  in  this  case  has  an  attractive  ex- 
terior on  being  dressed  under  the  hammer,  the  variegations 
due  to  the  alternating  shaly  and  limy  parts  giving  the  face  a 
clouded  appearance,  as  of  gray  marble,  without  being  sus* 
ceptible  of  a  uniform  polish.  Where  protected  from  the 
weather  the  shale  will  endure,  and  act  as  a  strong  filling  for 
the  framework  of  calcareous  matter  for  a  long  time ;  but  un- 
der the  vicissitudes  of  moisture  and  dryness  and  of  freezing 
and  thawing,  it  begins  to  crumble  out  in  a  few  years.  In 
other  places  the  calcareous  layers,  even  on  the  same  horizon 
as  at  Minneapolis  and  St.  Paul,  are  very  much  thicker  and 
afford  strong  unyielding  material  for  building.  In  this  last 
<2a8e  the  calcareous  layers  are  more  strongly  crystalline,  but 
not  vesicular.  Many  of  them,  especially  when  associated 
with  considerable  shale,  are  nearly  made  up  of  fragments  of 
fossils  visible  to  the  unaided  eye,  and  doubtless  the  shatc 
beds  are  also  calcareous  as  well  as  sedimentary.  The  texture 
of  the  stone  is  close ;  yet  some  portions  near  the  base,  thought 
to  be  the  beds  denominated  by  Dr.  Shumard  < 'Upper  Shell 
Limestone",  are  often  visicular  and  of  a  light  color.  The 
natural  color  of  the  stone,  on  deep  quarrying,  is  blue,  but  it 
is  often  faded  to  an  ashen  drab  to  the  depth  of  several  feet, 
<lepending  on  the  ease  with  which  water  and  air  find  ac- 
cess within.  The  porous  layers  are  apt  to  be  most  faded. 
The  long  weathered  surface  is  of  a  light  buff"  color,  or  if  iron 
be  present  in  dripping  water,  or  contained  in  the  stone  as 
pyrites  so  situated  as  to  be  oxydized,  the  color  is  sensibly 
deepened  to  a  rusty  yellow. 

The  effect  of  this  formation  on  the  topography  of  several 
counties  in  the  southeastern  portion  of  the  State  has  been 
alluded  to  in  connection  with  the  same  subject  in  treating  of 
the  SC.  Peter  Sandstone.  Owing  to  the  frequency  of  shaly 
interlaminations  its  outline,  where  the  drift  is  light,  is  not 
so  well  defined  in  terraces  as  that  of  the  overlying  Galena. 
Its  line  of  junction  with  the  St.  Peter  Sandstone  is,  indeed, 
veiy  evident  even  in  all  its  tortuosities,  but  its  junction  with 
the  Cfalena  is  generally  hid  by  a  sloping,  turf-covered  talus  of 
debriSf  and  it  is  only  at  favorable  places  in  the  bluffs  along 
the  streams  that  a  knowledge  of  that  horizon  can  be  obtained. 
The  whole  formation  weathers  away  so  evenly  that  where  its 
effect  on  the  topography  is  not  brought  out  by  drainage  ero- 
sion or  by  the  GcUena  Limestone  or  the  St.  Peter  Samistone^ 
it  produces  nothing  more  than  a  gentle  swell  or  evenly  roun- 
ded ridge,  exposing  none  of  the  beds. 

Sections  have  been  observed  coveting  all  the  beds  of  the 
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Trenton.  The  best  section  of  the  Lower  and  Upper  Shell 
beds,  of  Dr.  Shumard,  is  that  taken  at  the  Falls  of  Minnehaha, 
although  the  same  beds  are  seen  well  exposed  at  miny  places 
between  St.  Anthony's  Falls  and  St.  Paul. 

Section  at  the  Falls  of  Minnehaha  Hennepin  County. 

In  descending  order. 

No.  1.— Beds  6  to  14  inches,  very  fosslllferons  and  sometimes 
vesicular.  Contains  Leptaena  deltoidea  in  abundance,  and 
Strophomena  aUemata  (/),  also  a  CypricardUes.  This  is  an 
important  and  marked  horizon  to  which  other  sections 
may  be  referred.  It  forms  the  brink  of  the  falls,  but  its 
best  exposure  is  in  a  bluff  a  few  rods  below.    Seen 9  ft. 

No.  2.— Argillaceous  limestone  of  a  greenish  color,  weathering 

out  conchoidally 2  ft. 

No.  3. —Arenaceous  shale,  weathering  fine 3  ft. 

No.  4. — Blue  flagging,  with  considerable  green  shale.  The 
principal  building  stone  of  Minneapolis  and  St.  Paul  Is 
from  this  member.  Qreat  portions  of  this  are  made  up 
solely  of  comminuted  fossil  remains  showing  crinoldal 
joints.    It  is  of  sedimentary  rather  than  of  chemical  origin  13  ft.  6  in. 

No.  5.— Green  shale,  about  midway  containing  one  layer  of 

about  two  inches  of  limestone .- 8  ft.  8  iu. 

No.  6.— ^^  Peter  Sandstone,  somewhat  argUlaceous,  and  of  a 
greenish  blue  color 2  ft. 

No.  7,—8t.  Feter  Sandstone,  superficially  stained  and  hardened 

by  lime  and  iron 25  ft.         ^ 

Total 67  ft.  2  in. 

Total  of  the  Trenton 80  ft.  Sin. 

Section  near  the  Falls  of  St.  Anthony ^  Hennepin  County. 

A  quarter  of  a  mile  below  the  University.     In  descend- 
ing order. 

No.  1.— Limestone,  mostly  of  a  close  grain,  and  bright  blue  color, 
showing  many  fossils,  principally  of  LeptaenadeUoidta,  bat  also 
containing  cephalopoda  and  gasteropoda.  The  fossil  remains 
are  usually  not  fragmentary.  They  are  apt  to  lie  in  sheets, 
making  dark  streaks  horizontally  separating  the  bedding. 
Under  the  weather  this  stone  falls  out  in  chips  i  to  2  inches 
thick  and  4  to  8  inches  across,  which  ring  under  a  blow  from 
the  hammer.  The  surface  weathers  a  rusty  buff,  the  stone  itself 
becoming  a  gray  drab lift* 

No.  2.— Bloe  shale,  crumbling  out,  the  upper  four  feet  somewhat 
bedded,  the  rest  below  massive,  the  whole  occasionally  showing 
patches  or  short  sheets  of  fragments  of  brachiopods,  ftc, 
making  the  rock  more  calcareous  and  enduring .  • .  • 9  ft. 

No.  8.— Blue  flagging,  quarried  here  and  placed  In  the  west  wing  of 
the  University  building.  This  stone  is  rather  too  argillaceous 
to  be  a  reliable  buUdlng  material,  yet  is  extensively  used.  Some 
parts  of  it  are  flree  flrom  shale.  Such  beds  Airnish  a  firm  and 
very  enduring  stone 15  It. 
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No.  4. — Bine  phale,  parting  concholdally  noder  the  weather,  seen.    3  A. 
[No.  5. — St.  Peter  Sandstone,  to  the  water  level  88  ft.] 

Total  ofthe  Trenton 87  ft. 

The  total  hight  from  the  water's  edge,  at  this  quarry,  to 
the  summit  of  the  drift  bluff  on  which  the  Uiiiversity  stands, 
measured  by  Locke's  level,  is  137  feet. 

There  is  no  visible  dip  here  in  the  bedding,  but  at  the  Falls 
of  St.  Anthony  the  dip  is  two  or  three  degrees  to  the  south- 
east. 

At  the  point  where  the  foregoing  section  was  taken  the  St 
Peter  Sandstone  is  tunneled  artificially  to  the  depth  of  nearly 
200  feet,  the  excavation  being  ten  or  twelve  feet  in  diameter, 
rudely  dug  out  and  arched.    It  was  intended  for  a  beer- vault. 

Section  at  St.  Charles y  in  Winona  Count}/* 

At  a  quarry  near  St.  Charles,  half  a  mile  south  of  the  city, 
the  lower  portion  of  the  Trenton  appears  as  follows,  in  de- 
scending order : 

No.  1. — Hard,  crystalllDe,  calcareous  layers,  ringing  nnder  the  ham- 
mer, of  a  light  drab  color,  without  shale,  futfsUiferoas 16  ft. 

No.  2. — Bluish  green  skale,  aboat 10  ft. 

[No.  8. — St.  J'Uer  Sand9tone^  seen  6  feet.] 

Total  Trenton 26  ft. 

At  this  place  the  dip  is  two  or  three  degrees  S.  W.  Si. 
Charles  siu  on  the  top  of  the  Lower  Magnesian  Limestone^ 
which  is  seen  in  a  quarry  a  little  N.  E.  of  the  city,  and  is 
nearly  surrounded  hy  bluffs  formed  by  the  St.  Ptter  Sand- 
stone,  capped  with  the  lower  portion  of  the  Trenton.  This 
exposure  of  the  Lower  Magnesian  is  along  a  little  creek,  the 
amount  of  bedding  seen  being  about  16  feet. 

Sections  at  llochesttr^  in  Olmsted  County, 

At  the  •^old  Harmon  quarry,"  from  which  the  flouring- 
mill  and  the  foundations  lor  the  new  public  school-house 
were  built,  the  lower  portion  of  the  Irenton  appears  as  fol- 
lows, in  descending  order : 

No.  1.— Greed  shale,  seen 4  ft. 

[This  Is  said  by  Mr.  Uurlbut  to  be  about  U  feet  thicls 
where  it  is  all  preserved.] 
Ko.  2.— Hard,  brittle  limestone,  in  two  beds,  separated  by 
aboQt  two  inches  of  green  shale.     This  Is  much  lliic  No. 
13 
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1,  of  the  forcgolns:  section  at  St.  Charles.  It  has  a  drab 
color.  A  handsome  Strophomena  Is  the  most  characteris- 
tic fossil 1  ft. 

No.  8.^ Alternations  of  shale  and  limest-  >ne 1  ft. 

No.  4.— Limestone  of  the  same  kind  ns  No.  2,  witli  soma  part- 
ings of  shale,  but  sometimes  quite  blue  instead  of  drab, 
seen 10  ft. 

No.  5.— Bine  shaly  limestone,  more  like  the  blue  flagging 
quarried  at  Minneapolis.  Nut  well  exposed;  amuuuts  lo 
about 6  In. 


Total  Trenton  seen IG  ft.  6  iu. 

At  another  point  further  west,  on  Mr.  O.  P.  WhitcomU*8 
land,  the  bed  of  gre^n  shale  separating  the  foregoing  1ren» 
ion  from  the  St.  Ptler  Sandstone^  or  rather  forming  the  l>ase 
of  the  Irenton^  may  be  seen  in  a  weathered  bluff,  exposing 
A  thichness  of  about  ten  feet,  as  at  St.  Charles.  The  quarry 
of  Mr.  O.  P.  VVhilcomb,  at  Rochester,  is  made  up  as  follows, 
in  descending  order : 

No.  1.— Green  shale  containing  fraj^menlary  crlnoidal  stemR,  ChetHen 
and  various  small  biachlopods,  among  which  may  be  distin- 
guished a  BhpnchoneUa.  [Mr.  Uurlbut  thinks  about  5  feet 
more  are  broken  down  from  al>ove,  not  now  visible,]  4*een 10  ft. 

No.  2.— Limestone,  of  a  drab  color  and  tine  ^rain,  in  beds  of  al)oub 

three  inches,  wit\much  intervenln^r  shulc  in  continuous  layers,    3  ft. 

No.  8.— Compact  limestone,  used  in  building,  of  a  blue  color,  but 

comparatively  free  firom  hhale 17  ft. 

No.  4.— Green  shale,  lying  on  the  &t.  Peter  Sandstonej  not  well  ex- 
posed, seen 1  ft. 

Total  TrefUonBten 32  ft. 

From  No.  2,  above,  have  come  some  of  the  finest  and 
largest  specimens  ol  cephalopods. 

JSfCtionon  Root  R.^  in  sec,  16 ^  Pleasant  Grove^  Olmtted 

County. 

At  the  point  observed  the  section  consists,  in  general,  as 
lollovvs,  iu  descending  order:  Perpendicular  escarpment 
showing  generally  a  ihin  bedded  and  often  f^haley  rock,  tho 
thin  shale  partitions  being  as  thick  as  ^  or  Ij^  inches,  about 
37  iect.  The  descent  then  is  inegular  over  beds  ot  aigilla- 
ceous  limestone  and  shale  mostly  hid  from  view.  Souic  of 
these  shale  beds  are  six  and  eight  inches  thick,  and  from 
them,  where  crumbling  under  the  weather,  iragmenis  of  fos- 
sils fall,  such  as  (Jttttttes  (piincipally)  Maclurea  wwA  Oiihis. 
The  limestone  weathers  lough  and  thin -bedded,  and  sniiws 
ReceplacuHlts.  Ihis  interval  includes  about  47^  feet. 
Thcie  is  then  a  broad  shouluer,  making  up  a  talus  cuveriug, 
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as  disclosed  further  dowu  the  river,  a  heavy  hod  of  green 
fibale,  which  overlie^,  ne;jr  the  water's  edge,  the  iimestoue 
Iayex*s  of  the  foregoing  sections  at  Rochester,  42  feet. 
Tolal  of  bedd  supposed  to  be  of  the  Trenton^  \2\\^  feet. 
Combining  this  section  with  the  observed  thickness  at 
Rochester,  omitting  the  overlying  shale  bed  (hero  embraced 
an  a  talus)  the  observed  thickness  ot  rocks  of  Trenton  age 
amounts  156^  feet,  against  the  34  feet  observed  by  Dr. 
Owen, 

Sections  at  Mantoi'ville^  in  Dodge  Count*/. 

The  Mantorville  quarries  show  the  horizon  of  the  junction 
of  the  'Jrenton  with  overlying  Galena.  The  same  horizon 
is  better  exposed  at  Pettit's  Mill,  one  and  a  half  miles  below 
Mantorville,  on  sec.  22,  f.  107,  R.  16,  along  the  middle 
branch  of  the  Zumbro  River.  These  sections  are  as  follows, 
1st.  that  ot  th  quarry  of  Mr.  Charles  Ginsberg,  in  descend* 
iug  order: 

No.  1.— [Loose  fragments.  5  ft.] 

No.  2.— Heavy  bedi»  of  vesicular,  magnesian  buff  limestone  8  ft. 

No.  8. — Tliiti  beds  of  ihe  Hame,  wiih  u  Utile  shale 4  ft. 

No.  4. — Heavy,  buff,  magueaiau  beds 7  ft. 

No.  5. — Tliiu,  blue  argiUo-ma^ueshiU  beds 10  ft. 

No.  6.— Kveu-bidded  maffueoiau  Ihuestoiic,  the  bedding  of 

^hich  weathcFi^  out  from  two  to  six  ioches,  (poorly  8eeu)  5  ft. 

Total  seen 34  ft. 

At  this  quarry  the  buff  or  cream  colored  stone  shows  a 
light  blue  color  in  deep  quarrying. 

2d.  The  quarry  ot  Mr.  Samuel  Wilson,  located  near  Mr. 
Ginsberg's*  includes  more  of  the  Galena. 

Ko.  I.— [Loose  fragments  4  ft.] 

No.  2.-'Bcda  from  6ix  to  iweuty  inches  each,  of  vesicular, 
maguesiau  limcsioue,  almost  free  from  iron,  liue  for  a 
"quarry  stone" 30  ft.  10  iu. 

No.  3.— Thiu,  slaty,  argillo— muguei^iua   beds %......     1  ft.    6  in. 

No.  4.— Good,  heavy  beds  of  mague»lan  limestone,  same  as 

No.  1 lift.    Gin. 

No.  5.— Shaly  and  ihiuner  bed&<,  seen oil. 

[No'iK.-- Where  the»e  bedtf  are  weathered  out,  a  white 
dcpobit  is  accumulated  ou  the  t^lope  below,  haviug  uiuch 
the  tabte  ol  ihiie,  yet  may  cousUt  of  alumiuu  aud  lime. 
On  the  face  of  the  rocl^s  the  coating  is  bitter  and  sour, 
tasilug  somewhat  iilLe  Kps>om  salt.J 

Ko.  C— Heavy  mague&iiau  layers,  of  a  uuff  color,  with  con* 
biderable  bhale,  same  ab  No's.  8,  4  aud  5,  of  Giubberg's 
quarry,  but  poorly  seen,  about 20  ft. 

Totalscen 6S  ft.  10  ln.T^ 
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Section  at  PettiCs  Mill,  Sec.  22,  T.  107,  R.  16,  Dodge  Co. 

No.  l.'Slope  from  the  sammit  of  theblolT (hid)  estimated..  40  ft. 

No.  2.— Magneslan  layers,  buff,  mach  shattered 4  ft.    6  im 

No.  8.— Shale 2  ft.    6  In. 

No.  4.~Good  layers  of  vesicalar,  baff  magnesian  stone,  with 

some  argillaceous  patches lift. 

No.  5.~Arglllo-magneslaa  Umestone,  weathering  into  rather 

thin  beds 8  ft. 

No.  6.— Vesicular,  buff,  magnesian  limestone.  In  one  bed ....  10  in. 

No.  7.— Shale  and  shaly  limestone 2  ft.    2  in. 

No.  8.— Beds  of  argillaceous  limestone,  each  of  about  eight 

inches,  separated  by  shale,  beds  each  of  about  two  inches     S  ft.    2  in. 
[Note.— In  No.  8  is  found  the  coral  BeceftacuUtf,'] 

No.  9.— Shale 4  in. 

No.  10.— Vesicular  limestone,  argillo-magnesian.  In  one  bed  9  in. 

No.  ll.—Shaly  and  calcareous  beds  (thin) 8  in. 

No.  12.— Crysulline  beds  of  a  gray  color,  weathering  buff, 

one  bed 1ft.    7  in. 

No.  18.— Shale  and  shaly  limestone 1ft.    4  in. 

No.  14.— Shale 8  in. 

No.  15.— Argillo-magnesian  limestone,  some  parts  crystalline 

and  calcareous  only,  in  three  beds 6  ft.    4  in. 

No.  16.— Shale 4  in. 

No.  17.— A  rgillo-magnesian,  one  bed 10  in. 

No.  18.— Shale I  ft.    2  in. 

No.  19.— Hard  crystalline  limestone,  of  a  gray  color,  with 

some  cavities  and  specimens  of  JReceptaculitts 2  ft.    2  In. 

No.  20.— Shale 6  in. 

No.  21.— Argillo-magnesian,  one  bed,  showing  CAe(«t«s  and 

fticoidd  of  the  TVenton 1ft.    6  in. 

No.  22.— An  interval  (not  well  seen)  of  beds  of  greenish  blue 

shale  and  argillaceous  limestone,  each  varying  firora  eight 

to  12  Inches,  showing  abundant  fossils  of  the  TVenton. ..  16  ft. 
No.  23.— Blue,  earthy  limestone  (under  water)  seen 6  in. 

Total 108  ft.  10  in. 

It  is  impossible,  without  more  examination,  to  fix  certain- 
ly the  equivalency  of  any  portion  of  this  section  with  those 
at  Mantorville,  but  Nos.  2  to  4  here  are  probably  included  io 
No.  6  at  Wilson's  Quarry.  This  section  shows  the  transi- 
tion from  the  Trenton  to  the  Galena  to  have  been  gradual 
in  Southern  Minnesota,  the  occurrence  of  the  buff  and  Mag- 
nesian layers  marking  those  changes  favorable  for  the  depo- 
sition of  Galena  Limestone  which  preceded  the  lull  intro- 
duction of  that  epoch. 

The  foregoing  sections  of  the  Irenton  Limestone  with  it& 
associated  shales  arc  thought  to  cover  the  whole  formation, 
which  probably  reaches  the  thickness  of  160  feet  in  th& 
southern  portion  of  the  State,  where,  only,  its  full  develop- 
ment is  preserved. 

{d.)     Fossils  of  the  Trenton  Limestone. 
It  is  not  intended  to  attempt  here,  nor  would  it  be  possible 
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«t  the  present  time,  to  give  a  complete  list  of  the  numerous 
and  interesting  fossils  supplied  by  the  Trenton  Limfstofie* 
Full  collections  have  not  yet  been  made,  but  enough  has 
been  done  to  illustrate  the  commonest  of  the  animal  remains 
met  with  in  this  formation,  and  to  show  how  essential  to  the 
geologist  a  knowledge  of  the  fossils  of  any  rock  is,  before 
he  can  pronounce  on  its  age.  Perhaps  the  most  common 
fossil  seen  about  outcrops  of  the  Trentonin  Minnesota  is  a 
ramose  form  of  the  little  coral  CheteleSf  probably  of  the 
species  Lycaperdon.  It  seems  to  pertain  specially  to  the 
beds  of  shale,  but  is  not  absent  from  the  other  beds.  On  the 
weathering  away  of  the  rock,  the  fragments  fall  out,  and 
may  be  picked  up  along  the  foot  of  many  of  the  outcrops  of 
this  limestone.  Besides  this  coral,  Lepiaena  deltoidea^  a 
small  brachiopod,  is  frequently  seen.  There  are  also  differ- 
ent species  of  Orihis^  ot  Slrophomena  and  of  Tellinomya^ 
and  a  species  of  Leperiitia.  Of  gasteropods,  species  of  ilfar- 
ehUonia  and  Pleuroiomaria  are  the  most  common.  Trilobites 
of  the  genera  Isotelus^  lllenus^  Phacops  and  Lichas^  and 
also  doubtfully  of  Calymene^  have  been  found  within  the 
State.  Of  cephalopods  there  are  a  great  many  species,  as 
well  as  a  great  number  of  individuals.  In  some  cases  the 
rock  seems  entirely  made  up  of  the  remains  of  cephalopods. 
Some  are  very  large,  measuring  nearly  a  foot  in  diameter, 
and  some  are  very  small.  Or^Aocera^  yanceum  is  perhaps 
the  most  common  cephalopod,  being  at  the  same  time  one  of 
the  largest. 

(e.)     Vsea  of  the  Trenton  Limestone. 

The  frequency  of  the  shale  beds,  and  sometimes  the  intim- 
ate dissemination  of  shale  through  the  calcareous  layers  with- 
out showing  regular  lamination,  render  the  most  of  this  for- 
mation of  little  use  for  a  building  material.  The  flags,  how- 
ever, near  the  base  of  the  formation  (F.  3.  A.  of  B.  F. 
Shumard)*  serve  in  many  places  as  a  very  useful  stone  for 
building  purposes.  The  color  is  gray  or  bluish,  with  mott- 
lings  of  lighter  color.  These  beds  are  extensively  wrought 
at  St.  Paul  and  Minneapolis,  as  well  as  at  nearly  all  avail- 
able points  in  the  State  where  a  local  demand  exists.  The 
quarries  at  Minneapolis  in  these  beds  are  owned  by  Michael 

Md  Dr.  Owen's  final  report  the  engraved  sections  of  B.  F.  Shumard  em- 
brace F. 3.  a.  b.  and  c,  all  in  the  rock  seen  at  St.  Anthony;  but  Dr.  O.  in 
hli  table  of  genera  and  their  distribution  places  F.  8.  b.,  in  the  ''lead 
bearing  beds  of  the  Upper  Magnesian",  and  F.  3.  c,  in  the  ''coralline  and 
iPeotamerus  beds"  of  the  same. 
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Mullen,  John  Reulstertz,  Henry  Wncks  and  Mr.  Evison* 
They  are  situated  on  the  west  side  of  the  river,  in  the  bluffs^, 
about  a  quarter  of  a  mile  below  the  P'alls  of  St.  Anthony. 
Other  quarries  are  opened  on  Nicollet  Island. 

It  is  observable  that  further  to  the  south,  as  at  Faribault, 
Bochester  and  St.  Charles,  these  beds,  although  on  the  sama 
horizon  as  those  so  extensively  used  at  St.  Paul  and  Minne- 
apolis, are  much  freer  from  argillaceous  matter,  while  at  the 
same  time  the  thickness  of  the  distinct  shale  beds  (as  No.  2 
in  the  section  at  St.  Charles,  and  No.  1  of  the  section  at 
Rochester,  on  Mr.  O.  P.  Whitcomb's  land)  becomes  much 
greater.  There  seems  to  have  been  a  more  disturbed  condi- 
tion of  the  oceanic  waters  in  the  central  than  in  the  southern 
portion  of  the  State  during  the  deposition  of  this  fl:)gging 
(F.  3,  a.  Shumaid),  mingling  the  coarser,  more  foreign 
materials  of  the  shale  intimately  with  the  calcareous  accu« 
mulations,  and  to  that  extent  lessening?  the  supply  for  the 
shaly  beds  proper.  By  reference  to  the  foregoing  sections- 
it  will  be  seen  that  at  the  Falls  of  Minnehaha  the  alterna* 
lions  of  these  lithological  and  chemical  characters  in  the 
lower  Trenton  occur  about  as  rei)resenied  in  the  following^ 
view,  No.  4  being  that  from  which  the  buildiug  stone  is> 
taken. 


Shnle,  (not  Been.) 

Calcareous 9  feet. 

Shale 4  feet. 

Shaly  limestone 18  feet. 

Shale 4  feet. 

St.  Peter  Sandstone. 


At  Rochester  the  same  horizon  shows  the  following  alter- 
nations, number  four  being  the  principal  quarry-stone. 


Shale 14  feet 

CalcareonSf  (wanting.) 

Shaly 2  feet. 

Pure  limestone 17  feet. 

Shale 10  feet. 

St.  Peter  Sandstone. 


In  the  former  case  we  find  about  eipht  feet  of  shale  and 
thirteen  feet  of  shaly  limestone,  with  nine  feet  of  a  vesicular 
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(magnesian?)  limeatone.  In  the  latter  case  we  find  about 
twciily  five  lect  of  shale  in  considerable  and  di:<tinct  beds, 
and  8t',ventecn  feet  of  pure  liineHtono,  the  upper  calcareous 
(and  niaguesian?)  member  being  appHfcntly  wanting. 

Tlio  qnick-Iime  made  from  the  Trenlon  Limestone^  is 
easily  slacked,  and  with  a  rapid  evolution  of  heat.  It  also 
6Pts  with  greater  rapidity  than  that  made  from  the  Lower 
Miigtieaian.  It  requires  an  intenser  heat  to  drive  off  tbe 
carbonic  acid  from  the  lime  of  the  'Irentonihtm  it  does  from 
the  Inne  and  magnesia  of  the  Lower  Magnesian.  Hence 
more  fuel  is  consumed.  In  the  use  of  the  lime  however,  a 
smaller  insoluble  sediment  will  result  from  the  slacking  of 
that  made  from  the  Trenton^  when  free  from  shale,  than 
from  that  made  from  the  Lowtr  Magnesian  when  equally 
pure. 

At  Faribault,  in  Rice  county,  the  principal  quarries  that 
furnii«h  stone  (and  also  marble)  are  those  ot  Milan  N.  Pond 
and  Mr.  Cromer,  situated  one  and  a  half  miles  east  of  the 
cit}',  in  bluffs  at  some  distance  from  the  river.  Quarries 
are  also  owned  near  the  city,  in  the  river  bluffs,  by  \Vm. 
Lee  and  Mr.  Donahue  and  by  others.  The  stone  here  is  all 
from  the  same  stratigraphical  horiz  m  as  the  quarries  at  Min- 
neapolis, but  is  much  less  shaly,  some  layers  being  18  to  20 
inches  thick  after  being  dressed.  The  stone  used  in  the 
A>ylum  for  the  Deaf  and  Dumb,  at  Faribault,  was  taken 
from  Pond  and  Cromer's  quarries.  But  in  the  construction 
of  this  handsome  edifice  the  common  mistake  is  made  of 
placing  some  of  the  stone  ou  edge.  This  is  the  case  all 
round  the  building  near  the  basement.  The  first  stone  be- 
low the  water  table  has  a  thickness  of  six  or  eight  inches, 
and  a  v.idth  of  three  feet,  and  stands  on  edge.  This  is 
backed  up  probably  with  smaller,  poor  stone  in  irregular 
courses  with.. ut  cross-bindings.  The  faced  stone  is  placed 
hence  in  its  weakest  position  in  the  wall,  and  in  one  in 
which  it  is  most  susceptible  to  the  attacks  of  the  weather, 
and  the  wall  itself  is  weakened  by  being  split  into  two 
separate  walls.  This  is  a  common  oversight  on  the  part  ot 
Intone  masons,  some  of  the  largest  and  costliest  buildings  in 
St,  Paul  and  Minneapolis,  including  the  University  at  St. 
Anthony,  exhibiting  the  same  short-sighted  economy  in  their 
architect ure.  It  should  be  an  invariable  rule  never  to  lay  a 
stune  in  an  important  wall  so  that  the  layers  of  sedimenta- 
tion are  perpendicular  instead  of  horizontal.  The  mpro 
nearly  a  stone  can  lie  in  a  wall  as  it  lay  in  the  natural  rock, 
the  firmer  is  the  wall. 
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The  Episcopal  church  and  chapel  and  the  school  building 
belonginor  to  the  same  society  at  Faribault,  as  well  as  the 
public  school  houses  of  the  city«  and  some  large  business 
blocks  are  laid  up  wilh  this  limestone* 

Ihe  '« Faribault  \  arble''  is  a  bed  in  the  same  quarries, 
lying  between  common  building  stone  layers,  and  having  a 
thickness  of  something  less  than  a  foot.  It  is  susceptible  of 
a  fine  polish,  and  has  a  gray  color.  It  is  made  into  table 
and  stand  trimmings  which  show  various  markings  and  mott- 
lings,  owing  to  the  contained  fossils  and  the  various  lithology 
ot  the  stone. 

5.   THE   GALENA  LIMESTONE. 

(a.)  lU  Aiea. 

The  line  of  junction  of  the  Qalena  with  the  Trenton  is 
pretty  well  marked  in  the  southeastern  portion  of  the  State 
through  the  counties  of  Fillmore  and  Olmsted,  but  its  junc* 
tion  with  the  Maqaoketa  shales  has  not  yet  been  observed  at 
a  single  place.  Hence  the  width  of  the  Galena  belt  is  un- 
known, although  it  does  not  probably  exceed  ten  miles.  In 
the  southwestern  portion  of  Goodhue  county  the  Galena  is 
deflected  toward  the  west,  and  finally  in  Rice  and  Waseca 
counties  toward  the  southwest,  passing  through  Faribault 
and  leavino;  ihe  State  in  Martin. 


"o 


(b.)  lis  Lithological  Characters* 

This  limestone  was  included  by  Dr.  Owen  in  his  desig- 
nation '<  Upper  Magnesiau  Limestone,*'  that  term  also 
covering  the  Niagara  Limestone  which  is  separated  from  the 
Galena  by  a  thickness,  unobserved  by  Dr.  Owen,  of  about 
75  feet  ot  shales,  named  by  Dr.  C.  A.  White  of  Iowa  the 
Maquoketa  Shales.  It  was,  however,  distinguished  by  Dr. 
Owen  under  the  special  designation  of  <*  Lead -bearing  Beds 
of  the  Upper  Magnesiau."  Lithologically  it  has  a  great 
similarity  to  the  Niagara.  Its  usual  color  is  buff,  although 
on  deep  and  fresh  quarrying  it  also  shows  that  its  normal 
color,  like  most  other  limestones,  is  blue.  Its  composition, 
like  that  of  the  Lower  Magnesian^  is  dolomitic,  comprising 
a  large  percentage  ot  carbonate  of  mtignesia.  Its  texture  is 
open,  even  porous,  with  minute  cavities.  It  also  exhibits 
large  cavernous  patches,  with  a  rough  and  forbidding  aspect. 
These,  however,  are  not  common,  the  sedimentation  hav- 
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iDg  been  geuerally  so  undisturbed  by  chemical  or  mechanical 
agencies  that  the  layers  are  yet  well  preserved.  The  grain 
is  crystalliue,  and  sometimes  granular.  Minute  crystals  of 
brown  spar  often  line  the  cavities.  It  also  sometimes  em- 
braces iron  pyrites  which,  weathering  out,  stains  the  face  of 
the  rock  with  a  rust  ot  iron.  It  probably  also  embraces  galena 
in  some  parts  of  its  area  in  Minnesota,  although  the  mineral 
has  not  actually  been  found  contained  in  the  rock.  Pieces 
ot  considerable  size  are  found  by  the  farmers  in  Olmsted 
county  in  plowing  near  the  bluffs  of  tijis  formation,  which 
have  apparently  fallen  down  on  being  loosened  by  the 
weather,  the  drift  there  being  comparatively  light.  The 
lower  beds  of  the  Galena  are  interstratified  with  the  Trenton. 
This  may  be  seen  by  comparing  the  sections  covering  that 
horizon  at  Mautorville  and  at  Pettit's  Mill.  (See  pages  99 
and  100.)  A  thickness  of  about  20  feet  is  taken  up  by  al- 
ternating shale  and  limestone,  the  latter  gradually  losing  its 
distinctly  dolomitic  characters  and  passing  into  the  grayish 
and  blue  compacter  beds  of  the  Trenton. 

In  the  southeastern  portion  of  the  State,  where  the  Galena^ 
owing  to  the  thinutss  of  the  drift  deposit,  is  seen  in  the 
bluffs  and  terraces  with  which  the  face  of  the  country  is  di- 
versified, its  irregular  outline  is  easily  traceable  for  many 
miles.  It  forms  the  summit  of  a  distinct  terrace  of  which 
the  underlying  Trenton  shales  and  limestones  constitute  the 
foundation,  and  from  the  top  of  which  the  overlying  Maquo- 
keta  shales  seeui  to  have  been  denuded.  It  thus  shows  its 
moro  persistent  character  more  distinctly  than  if  it  lay 
between  formations  of  equal  hardness.  Its  thicknods  is  es- 
timated at  180  feet. 

The  lithological  character  of  the  Galena  is  also  frequently 
evident  in  the  form  of  precipitous  escarpments,  and  promi- 
nent, often  detached,  crags  along  the  valleys  of  streams, 
where  their  channels  are  deeply  cut.  The  point  lying  be- 
tween two  valleys  which  unite  is  sometimes  wrought  by  the 
combined  action  of  water  and  air  into  picturesque  or  fantas- 
tic shapes,  the  beauty  and  grotesqueness  of  which  is  hight- 
ened  by  the  seclusion  ot  the  place.  These  unevenly  weath- 
ered surfaces  are  due  to  variations  in  the  hardness  and  dur- 
ability of  the  texture  of  the  Galena, 

Some  of  the  observed  sections  in  the  lower  portions  of  the 
Gfalena  have  already  been  given  under  the  head  ot  the 
2renton  Limestone.  Those  at  Mautorville  and  Pettit's  Mill 
expose  upward  of  40  feet  of  this  formation,  and  need  not  be 
repeated  here.     The  beds  exposed  in  Mr.  Thomas  Garrick's 
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quarry,  on  Sec.  18,  in  Rochester,  Olmsted  county,  show 
about  25  feet  of  a  very  uniform  and  evenly  bedded  stone, 
of  a  buff  or  lijrbt  cream-color,  an<1  crystalline,  often  granular 
texture,  in  which  arc  many  cavities  from  which  the  fossils 
have  been  absoibed,  besides  often  a  minutely  vesicular  and 
open  structure. 

(c.)  JP^ossils  of  the  Galena  Limestone. 

Wherever  the  Galena  has  been  examined  in  Minnesota, 
the  most  striking,  and  peihjips  the  commonest  fossil  is  the 
sunflower  coral,  lieceptaciiWes.  Examination  ^ufBciently  de- 
tailed has  not  yet  been  made  to  establish  the  species  to 
which  specimens  collected  may  belong.  There  can  be  but 
little  doubt,  however,  that  the  usual  species  at  Dubuque 
(Oweniyllall)  is  also  the  most  common  in  southern  Minnesota. 
Orthoceratites^  sometimes  of  large  dimensions,  arc  also  com* 
mon  in  the  Galena^  especially  near  the  liase.  Species  of 
Murchiaonta^  and  apparently  of  Pleuratomaria  have  also  been 
seen.  Of  brachiopods  various  species  that  api)ear  like  Or- 
this  and  like  Strophomenay  in  addition  to  Liyula  quadrala 
(Eichwald,)  have  been  collected  from  the  outcrops  ot  the 
Galena,  The  paleontology  of  the  GaUna  is  studied  under 
unfavorable  circumstances  arising  from  the  crystalline  con- 
dition of  the  rock,  which  has  generally  caused  the  absorp- 
tion of  the  shelly  portion  of  the  animal,  leaving  only  its 
shape  entombed  in  the  form  of  a  ca>t.  In  other  ca^c8  the 
fossils  are  so  nearly  obliterated  by  this  means  that  the  casta 
themselves  are  chemically  united  with  the  mass  of  the  rock, 
rendering  their  separation  impossible. 

(d.)     Economical  Value  of  (he  Galena  Limestone. 

This  limestone  derives  not  only  its  name  \)ut  its  special 
interest  to  the  geologist  and  great  economical  value  to  the 
States  furthei  south,  from  the  occurrence  in  it  ot  workable 
and  valuable  deposits  of  the  sulptiurets  of  lead  and  zinc, 
called  galena  and  blende.  These  deposits  specially  pro- 
vail  in  that  district  denominated  by  Prof.  J.  D.  Whitney 
•*  The  driftless  region,"  in  the  Stales  of  Iowa,  Wi^consin 
and  Illinois.  This  driltless  tract  spreads  much  furilier 
northwestward,  covering  much  of  the  southeastern  portion 
of  Minnesota.  Fully  admitting  Prof.  Whitney's  theory  as 
to  the  non  submergence  of  this  region  since  the  deposition 
of  the  Silurian  limestone,  therA  are  many  facts  which  wifl 
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not  permit  Bych  non-submergence   to  explain  the  apparent 
alMcnce  of  the  northern  drift  in  that  part  of  the  northwest, 
chief  among  which  id  the  absence  of  proof  that  any  portion 
of  the  drift  of  the  northwest  is  due  to  general  submergence 
below  the  waters  of  the  ocean.     The  fact  of  the  thinness  of 
the  drift  in  southeastern  Minnesota  has   been  referred   to 
under  the  iiead  of  Surface  Gtiolo/y.     The  features  of  sur- 
face that  prevail  throughout  this   district  are  the  same  as 
those  seen  about  Dubuque,  in  Iowa«  and  generally  through- 
out the   •*  Lead  Region  of  the  Upper    iVIissls;*ippi/*     The 
churstcters  uf  the  Gahna  Limestone  in  Minnesota  are  essen- 
tially those  of  the  same  limestone  in  the  lead  district.     The 
evidence  is  therefore  presumptive  of  the  existence  of  galena 
in  workable  quantities  in  the  northern  extension  of  this  for- 
mation in  Minnesota;  at  least  no  cause  is  known  for   the 
limit  ition  of  the  lead  bearing  area  to  the  district  in  which  it 
is  chiefly  developed.     If  the  origin  of  the  sulphurets   that 
fill  the  cavities  in  the  Gilea  i  be  due  to  the  intiitoration  of 
those  minerals  from  oceanic  waters  holding  the  sulphates  of 
the  same  metals  in  solution  at  the  time  of  the  formation  of 
that  dolomite,  there  is  no  known  reas(m  why  the    Galena 
will  not  embrace  the  same  sulphurets  throughout  its  extent, 
at  least  wherever  the  causes  that  produced  the  precipitation 
were  in  force.     The  cause  of  that  chemical  change,  assigned 
by  Mr.   Whitney,   is  the  decomposition  of  vegetable   and 
animal  remains  in  the   underlying  ^'bituminous"  shales  of 
the  Jrentony  a  process  which,  evolving  sulphur  in  the  form 
of  sulphuretted  hydrogen,  would  necessarily  convert  the 
sulphates  in  the  waters  through  which  it  rose,  into  the  cor- 
responding sulphurets.     The  precipitates  gathered  in  such 
sbrinkat'O   cracks  or  other  cavities  as  were  favorable  for  its 
accumulation.     These  conditions  all  prevailed,  so  far  as  can 
be  learned  from  the  appearance  ot  the  rocks  themselves,   in 
B>uthern    Minnesota    equally    with    southern     Wisconsin. 
When  in  connection  with  these  theoretical  considerations  it 
be  remembered  that  occasional  cuboidal  pieces  of  galena  are 
found  in  tho  soil  in  that  part  oi  the  State  where  this  dolo- 
mite occupies  the  surface,  it  may  be  regarded  as  quite  prob- 
able that  the  lead-bearing  area  extends  also  into  the  State  of 
Minnesota,  and  that  by  careful  and  systematic  exploration 
it  may  be  found  in  the  rock  itself  in  paying  quantities. 

Fur  lime  the  Galena  is  not  much  used  in  Minnesota.  Yet 
it  will  make  a  lime  of  superior  excellence.  It  will  burn 
easily  and  cheaply  owing  both  to  its  vesicular  texture  and 
the  presence  ot  magnesia  in  the  torm  of  a  carbonate.     It  will 
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make  a  lime  of  considcrahle  body,  but  less  quickness  in 
slacking  and  setting  than  that  from  the  Trenton.  In  that 
respect  it  would  resemble  the  quicklime  from  the  Lower 
Magnesian^  but  it  would  be  whiter,  and  freer  from  siliceous 
matter.  The  granular  texture  seen  in  some  parts  of  the 
Galena^  a  character  common  to  most  magnesian  limestones, 
has  sometimes  m^ide  it  pass  for  a  sandstone,  and  for  that 
reason,  although  used  for  a  building  material,  it  has  not  gen- 
erally been  tested  for  quicklime.  Lime  for  the  local 
markets  of  southern  Minnesota  ought  all  to  be  supplied  from 
this  formation.  It  furnishes  in  many  of  its  exposures,  along 
the  valleys  of  streams,  the  best  of  opportunities  for  quarry 
ing. 

When  in  connection  with  its  fitness  for  quicklime,  its 
merits  as  a  building  stone  are  considered,  it  is  made  a  little 
surprising  that  no  more  working  in  this  formation  has  been 
done.  It  not  only  furnishes  a  building  material  suitable  for 
all  ordinary  uses  in  foundations  and  abutments  for  bridges, 
but  it  also  cuts  easily  to  a  regular  and  smooth  surface.  Its 
bedding  is  sometimes  heavy,  reaching  two  or  three  feet  in 
thickness,  and  the  stone  is  strong  enough  to  endure  both 
pressure  and  long  weathering.  It  is  of  a  light  and  lively 
color,  and  in  that  res[)ect  has  the  advantage  of  darker  col- 
ored stone.  The  quarries  at  Mantorville,  owned  by  Messrs. 
Wilson  and  Ginsbeig,  have  furnished  a  large  amount  of  good 
building  stone  which  has  been  hauled  many  miles  over  the 
country  in  various  directions,  past  many  inviting  outcrops 
of  the  same  formation.  It  is  owing  to  the  investigations  of 
an  amateur  geologist,*  that  the  existence  of  this  stone  in 
many  other  places  has  been  made  known  to  the  citizens  of 
Olmsted  county.  Through  his  recommendations  it  has 
recently  been  opened  near  the  city  of  Rochester,  and  is 
found  to  supply  a  stone  equal  in  all  respects  to  that  taken 
out  at  Mantorville.  The  quarry  of  Mr.  Thomas  Garrick, 
on  section  eighteen  in  the  township  of  Rochester,  Olmsted 
county,  exposes  twenty  or  twenty  five  feet  of  evenly  bedded 
Oalena^  useful  for  general  building.  At  Rochester,  Cook's 
block,  the  court  house,  the  public  school  house  and  Ueaney's 
block  are  all  faced  and  trimmed  with  the  Galena^  hauled 
from  Mantorvile.  At  Mantorville  the  court  house  and  the 
school  house  are  entirely  built  of  it;  the  former,  however, 
showing  several  large  iron  stains  in  the  front  walls. 


*  Mr.  W.  D.  Harlbut,  of  Rochester,  MIqo. 
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6.     UPPEB  SILURIAN  AND  DEVONIAN. 

The  formations  that  have  thus  far  been  described  are  all 
included  below  the  Upper  Siluriaa.  The  Maquoketa  Shales 
of  Iowa,  which  overlie  the  Gralena  are  also  embraced  in  the 
Lower  Silurian.  The  Galena^  however  is  the  highest  mem- 
ber  of  the  Silurian  that  has  yet  been  identified  in  the  State. 
It  is  expected  that  when  more  detailed  exploration  shall 
have  been  made,  the  remainder  of  the  Lower  Silurian,  the 
Upper  Silurian  and  the  lower  portions  of  the  Devonian  will 
be  found  to  occupy  a  considerable  area  in  the  southern  por- 
tion of  the  State.  The  area  assigned  to  these  rocks  in  the 
preliminary  map  accompanying  this  report  are  hence  based 
on  the  known  trend  of  other  formations,  and  on  the  maps  of 
the  neighboring  state  of  Iowa,  which  show  the  Upper  Silu* 
rian  and  Devonian  as  leaving  that  state  and  entering  this. 
The  same  is  true  of  the  areas  given  these  rocks  in  the  north- 
western portion  of  the  state,  the  geological  map  by  Prof. 
H.  Y.  Hind,  of  the  Winnepeg  district,  representing  the  De- 
vonian and  Upper  Silurian  as  entering  Minnesota  from  the 
north. 

7.       THB  CBETACEOU8. 

(a.)     Preliminary   Considerations. 

The  geological  frame-work  of  the  state  having  been  com* 
pleted  by  the  deposition  of  the  foregoing  Silurian  (and  De« 
vonian  ?)  rocks,  it  remained  above  the  oceanic  waters  during 
the  whole  of  the  Carboniferous  and  a  greater  part  of  the 
Reptilian  Ages,  during  which  it  underwent  only  the  vicissi- 
tudes of  atmospheric  changes,  till  the  period  of  the  Creta- 
ceous. liSLTge  portions  of  the  American  continent  which  are 
now  dry  land  were  yet  under  the  waters  of  the  ocean.  At 
the  ushering  in  of  the  Cretaceous  a  further  submergence 
brought  the  Cretaceous  seas  over  not  only  the  old  Devonian 
and  Silurian  dry  land,  but  also  in  the  states  of  Minnesota 
and  Iowa*  over  large  areas  of  the  azoic  and  granitic  rocks, 
rlow  much  of  the  state  of  Minnesota  was  thus  8ubmero>ed 
has  not  yet  been  ascertained. 

If  points  of  elevation  only  be  considered,  since  it  is  found 
in  some  of  the  most  elevated  parts  of  the  southern  portion 
of  the  State,  the  entire  State  must  have  been  submerged.  It 
is  possible  the  surface  of  the  country  sank  below  the  ocean 

•Ck)mpare  Qeolo§y  of  lotoa  1870,  Vol.  I,  p.  168, 
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unequally,  in  different  localities,  and  also  that  it  rose  with 
Bimihir  irregularity.  Hence  points  that  now  show  the  great- 
est altitude  above  the  ocean  level,  may  have  been  the  deep- 
est submerged,  or  may  have  risen  last.  Those  points  aUo, 
in  the  State  which  show  less  altitude  above  the  ocean  niiiy 
have  risen  first,  or  may  not  have  been  submerged  at  all. 
Whatever  may  be  the  tacts  in  regard  to  the  northern  portion 
of  the  State,  which  is  considerably  less  elevated  above  the 
ocean  than  the  southern,  the  seas  of  the  Vrtlaceous  certainly 
covered  the  most  of  the  southern  half  of  Minnesota,  and 
probably  a  wide  belt  along  its  western  border,  reaching  to 
the  national  boundary  line  on  the  north.  Thus  the  rough 
frame  work  of  the  ulder  rocks  was  furnished  with  an  outer 
integument  which  tones  down  their  angularities  by  filling^ 
some  of  their  depressions,  the  Cretaceous  beds,  lying  uncou- 
formably  on  them  all.  No  attempt  will  be  made  at  this  stago 
of  the  survey  to  define  the  limits  of  the  Cretaceous  in  Min- 
nesota. It  is  eaid  to  occur  in  the  south-western  part  of  tbo 
State,  on  the  Cottonwood  river,  where  it  contains  beds  of 
lignite  that  have  been  mistaken  for  the  outcroppings  of  the 
northern  rim  of  the  Carboniferous.  It  has  been  detected  at 
Austin,  in  Mower  county,  where  it  affoids  angiospermoud 
leaves.  It  has  been  described  in  Stearns  county  tiy  Mr. 
Kloos.  It  probably  occurs  at  Spring  Valley  in  Fillmoro 
county.  At  Stillwater  is  a  bed  ol  iripoli  which  is  believed 
to  belong  to  the  Cretaceous.  It  is  exposed  in  a  little  tributary 
ot  the  St.  Croix  river  about  one  mile  north  of  the  city.  Dr. 
C.  A.  White  has  lately  announced  it  at  Lime  Springs,  in 
Howard  county,  Iowa,  about  five  miles  south  of  the  Mmno- 
sola  State  line.  Howard  county,  in  Iowa,  is  south  of  Mow- 
er  and  Fillmore  counties  in  Minnesota.  Thus  the  question 
of  the  eastern  limit  of  the  Cretaceous  in  the  northwest  is  still 
an  open  question.  The  writer  is  not  aware  of  auy  announce- 
ment of  its  existence  in  the  State  of  Wisconsin.  But  on  the 
eastern  shore  ot  Lake  Michigan  in  the  **  Grand  Traveiso  Re- 
gion," of  the  Stale  of  Michigan,  occur  beds  of  lignite  associ- 
ated with  soft,  bituminous  and  green  clays  that  have  been 
regarded  as  pertaining  to  the  dritt.*  Mr.  A.  D.  W  hite,  of 
the  Michigan  Survey,  since  deceased,  maintained  in  18*j0,  iu 
his  unpublic^hed  field  mtee,  that  these  lignites  and  clays  are 
nc  t  of  Quarternary  age.  Lignites  of  same  or  similar  origiu 
also  occur  on  the  shores  of  Lake  Superior,  and  have  in  like 
manner  been  ascribed  to  the  ago  of  the  drift.     It  becomes  a 

♦  See  First  Biennial  Heport  of  Progress   on  the  Geological  Survey  cf 
Michigan,  ISGi,  p.  130. 
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question  of  greot  geological  interest  to  determine  the  ago  of 
these  lignites,  especially  as  li<i:uite:i  suppose*!  to  occupy  a 
position  near  the  bottom  of  the  drift,  also  are  reported  in 
southern  Illinois  and  Ohio.  Besides  the  lignites  connected 
wilh  the  Lower  Ureiaceous^  Dr.  F.  V.  tluyd«n  describes 
many  beds  of  lignite  in  1\\q  Lower  Tertiari/.  What  portion, 
if  any,  of  the  lijrnite  beds  seen  in  different  parts  of  Minne- 
sota may  be  of  Ttrtiary  age,  it  is  not  now  within  the  province 
of  Ihe  survey  to  stale.  The  Tertiary  may  also  bo  repro  • 
sented. 

The  rocks  of  this  ago  boinsf  so  little  known  and  so  mea- 
gerly  represented  in  Minnesota,  the  following  classiQcation 
will  be  of  value  tt)r  the  inform  ition  of  the  citizens  of  the 
state  and  for  covenience  of  reference  in  the  future  proizress 
of  the  survey.  It  is  ess'^ntially  that  of  Messrs*  Meek  and 
Hajden,  and  is  based  on  their  examinations  ou  the  Upper 
Missouri.     It  is  arranged  in  descending  order. 

LATIR  CRKTACEOUS. 

No.  5,  Fox  Hills  Group.  Yenowi^h  and  ferragtnona  sandstones 
and  arenaceous  clays.  Characteristic  To^hWh— Xautilus  Dt' 
kayi^  AmmoniteB  placenta.  Ammonites  lobatns,  Saiphites 
Conradi  BaculUes ovatus^MoS'isaurus  i/<M.9t<rJeR«^«TliickDeA4,500  feet. 

No.  4,  FuH  Pierre  Group,  Dark  clayn;  plautic  or  laminated; 
sometimeM  calcareoUH.  Characterbtic  to»H\U— yautUns  DS' 
kayi,  Ammonites  placenta,  Ammonites  compfezus,  Baculites 
ovatus,  Barulites  compresuna,  Heticoreras  Afortini,  Inocera-' 
mus  sublevis.  Mosasaurus  Missouriensls,  Thickness 700  feet. 

SARUER  CnXTACBOUS. 

No.  ?.  Niobrara  Group,  Grayish,  calcareous  raarl,  sometimes 
in  ma)(Sive  layera  of  chalky  limestone  suitable  for  building. 
CbaracMristic  fosailH — Onrea  congesta,  laoceramus  problem- 
(Uicus^  laoceramus  aviculoUlcs,  Inoccramus  pseudo-mytiloides. 
Thickness 200  feet. 

Ifo.  3.  Fort  Benton  Group.  Black,  plastic  or  laminated  clays, 
Mrithsome  thiu  layers  of  llmuatone  and  sandstone.  Charac- 
teristic fossils — laoceramus  problematicus,  laoceramus  umbo- 
nattts,  Ostrea  congesta,  Pkoladomga  papyracea,  Ammonites 
perrarinatus.  Ammonites  vespertinus,  IScaphites  larvaefurmis. 
Thickness SOO  feet. 

No.  1'  Dakota  Groups.  Yenowish,  reddish  and  whitish  sand- 
stones, with  some  arenaceous  clays  and  even  puddingstones, 
embracing  lignite  and  impure  coal,  with  many  impressions  of 
angioHpermous  leaves,  and  sometimes  large  quantities  of 
peiriflcd  wood.  Characteristic  tor*s\\s  - Pharella  Dakotensis, 
Azinaea  HiouzensiSj  Cyp' ina  arenaria,  Leaots  of  angiosperms, 
Thickness 400  feet. 

(b.)    ^Lithological  characters  oj  ihe  Cretaceous. 

The  stone  exposed  at  Austin,  in  Mower  county,  is,  in  its 
J^atural  color,  light  blue,  and  tbat  color  shows  on  most  of 
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the  quarried  blocks  about  the  heart  of  the  bedding;  and  on 
deep  quarrying  it  is  doubtless  all  blue.  Yet  the  stone  seen 
about  the  village  is  very  generally  of  a  buff  color,  to  the 
depth  of  half  an  inch  to  three  inches,  depending  on  the 
amount  ot  weathering  and  oxydation.  The  thinner  beds  are 
altogether  changed  to  that  color.  The  presence  of  a  con- 
siderable concretionary  iron  and  mud  balls  causes  a  rusty 
stain  of  a  yellow  color  over  the  surface  of  many  of  the 
slabs.  These  concretionary  balls  fall  out  or  dissolve  out 
when  in  the  water,  and  leave  cavities  which  become  larger 
still.  Besides  these,  which  are  not  common  in  the  compact 
portion  of  the  stone,  but  are  oftenest  seen  among  its  thin 
beds,  there  are  also  cavities  disclosed  by  the  fracture  of  the 
homogeneous  thick  beds.  These  are  sometimes  perfectly 
empty,  but  often  contain  loose  friable  matter,  easily  picked 
out  but  not  different  in  color  or  grain  from  the  mass  of  the 
rock.  At  other  times  such  cavities,  revealed  on  the  frac* 
ture  of  the  stone,  are  lined  with  a  perfect  coating  of  fine 
mammillated  crystals  which  are  naturally  white  and  as  hard 
as  quartz,  but  often  covered  with  iron-rust  so  as  to 
present  a  red  or  black  exterior.  They  are  much  like 
drusy  quartx.  The  texture  of  the  stone  itself  is  usu- 
ally close,  and  the  grain  is  homogeneous.  Some  large 
slabs  and  blocks  are  sawn  for  bases  to  tombstones,  and 
worked  down  to  a  very  smooth  surface.  It  is  more  safely 
sawn  to  any  desired  dimensions  than  cut  or  broken,  since  it 
fractures  treacherously.  Yet  it  is  not  in  the  least  crystal- 
line. Its  aspect  at  a  distance  is  that  of  a  fine  grained  sand- 
stone. Yet  it  contains  no  apparent  grit.  It  is  so  soft  that 
it  can  be  cut  without  difficulty,  appearing  much  like  an  un- 
usually indurated  blue  shale.  It  contains,  but  very  spar- 
ingly, a  few  molluscous  fossils  which  appear  like  a  Gryph^ 
ata.  It  evidently  weathers  away  fast,  since  the  rotted  down 
beds  have  to  be  removed  at  the  quarry  to  the  depth  of 
nearly  four  feet  before  any  stone  is  met  worth  taking  out. 

Just  back  of  the  place  where  this  stone  is  slightly  worked 
at  Austin,  perhaps  fifty  rods  distant  and  14  feet  higher,  in 
the  excavation  of  one  of  the  low  knolls  which  superticially 
appeared  to  be  only  sand,  like  others  opened  for  that  pur- 
pose nearer  the  river,  a  German  struck  stone  of  tho  same 
kind  within  two  or  three  feet  of  the  surface.  It  consists  of 
thin,  shattered  beds,  all  of  a  buff  color.  Enough,  however, 
was  obtained,  of  suitable  quality,  for  the  vault  and  other 
masonry  appertaining  to  a  small  brewery.  Indeed  the 
greater  portion  if  the  cellar  is  dug  in  it.     it  was  overlaiu  by 
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the  following  section  of  clays,  tvhich  may  not  be  of  Crela- 
eeaua  age. 

No.  1  Black  sandy  loam  and  soil 2  to  4  feet. 

No.  2.  Band  of  red  and  Tariegated  compact  clay 6  in.  to  4  feet. 

No.  8.  Yellow  ocherous  band  of  clay 6  in.  to  4  feet. 

These  bands  of  clay  (Nos.  2  and  3)  are  not  so  regularly 
superimposed  as  indicated  by  the  above  section,  but  occasi- 
onally No.  8  is  broken  through  or  is  wanting,  and  No.  2  lies 
on  the  rock,  or  passes  down  into  its  crevices.  Yet  No.  3 
is  generally  the  first  over  the  rock.  They  vary  in  thick- 
ness and  swell  out  in  shapeless  masses  of  hard  clay.  Such 
hard  masses  are  seen  sometimes  to  embrace  bits  of  an-' 
gular,  earthy  rock,  much  like  ochre,  varying  in  color  from 
H  dark  burnt-umber  color  to  a  lighter  shade,  even  to  buflf, 
and  appearing,  when  of  a  lighter  color,  much  like  the 
mass  of  No.  3.  They  can  be  scratched  easily  with  a  knife 
and  however  black  they  may  be  they  give  a  red  haematite 
streak.  Yet  when  they  are  faded,  the  streak  also  fades 
into  a  brown  or  yellowish-brown,  like  limonite.  Inter- 
mingled very  irregularly  with  No.  2,  and  sometimes  also 
with  No.  3,  are  masses  of  greenish  clay  which  has  in  every 
other  respect  the  same  outward  characters  as  No.  2.  On 
searcbingforindicationsof  the  Post-Tertiary  age  of  this  de- 
posit, none  could  be  found.  No  northern  pebbles  or  boulders 
could  be  lound  in  it ;  no  sand  or  gravel,  no  vegetable  or  animal 
remains.  Yet  in  place  of  the  northern  dritt  materials  are 
these  hard  bits  of  ochre  (  ?)  ot  angular  shape  and  often  show- 
ing conchoidal  surfaces.  There  are  also  large  crystalline,  de- 
tached masses  of  apparently  a  sileccous  limestone  which  is 
very  hard  and  close-grained.  In  some  cases,  however,  this 
varies  to  a  porous  and  white  limestone  that  appears  to  be 
very  pure.  In  connection  with  this  description  of  limestone 
masses,  it  is  interesting  to  note  the  occurrence  at  St.  Charles, 
ill  Winona  county,  of  hard,  silicious  limestone  masses  on 
the  suriace  of  the  ground,  they  appear  very  much  like  those 
embraced  in  this  cluy.  At  St.  Charles  there  is  also  a  large 
mass  of  Argentine,  or  lamellar  calcite,  lying  on  the  surface 
of  a  slope  ot  a  hill.  It  was  originally  four  or  five  feet  across, 
aud  about  a  foot  thick,  but  has  been  broken  up  for  hand 
specimens.  It  appeals  very  much  like  fibrous  gypsum,  its 
arrangement  in  wavy  and  curly  laycr^^  gives  it  much  the  ap- 
pearance of  woody  fiber,  and  it  was  regarded  as  a  speci- 
men of  petrified  wood  for  a  number  of  years  after  its  dis- 
covery. It  may  have  been  originally  embraced  in  Crelace- 
15 
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0U8  or  Tertiary  clays  which  have  been  destroyed  and  trans* 
ported,  or  it  may  havo  weathered  out  from  the  Trenton 
shales  which  appear  in  the  top  of  the  hill. 

At  Austin,  in  the  digging  of  Mr.  L.  G.  Basford's  well, 
angiospermous  leaves  were  found  in  the  sandstone  above 
described.  The  materials  passed  through  in  this  well  wore 
said  to  bo  in  general,  as  follows : 

No.  1.    Soil  and  loam yw.    3  to   4  feet. 

No.  J.    Clay 20  feet. 

No.8.    Bock 6to    8  feet. 

About  two  feet  of  loose  stone  was  thrown  out  by  picking. 
In  these  pieces  the  vegetable  fossils  wore  found.  Two  dis  • 
tinct  varieties  of  leaf  are  disclosed.  One  is  very  much  like 
Ficus  primordialis ;  the  other  is  unlike  anything  with  which 
it  has  been  possible  yet  to  compare  it.  The  specimen  pre- 
served consists  of  a  bianch  apparently  of  a  small  herb.  An 
inch  and  three-fourths  of  the  main  stulk  is  preserved.  In 
that  distance  it  gives  off  four  branches,  each  of  which  seems 
to  be  as  large  as  the  main  stalk,  three  on  the  left  and  one  on 
the  right.  The  whole  specimen  is  thickly  furnished  with 
<]ecurient,  parallel-veined  leaves  which  have  a  distinct  mid- 
rib. These  leaves  are  simple,  entire,  oolanceolate-linear, 
and  taper-pointed  at  their  junction  with  the  stalk.  Their 
length  is  a  quarter  of  uii  inch,  varying  a  little  above  and 
below  that  size ;  and  their  width  is  one- twentieth  of  an  inch. 
The  diameter  of  the  stalk,  and  that  of  the  branches,  is  about 
half  the  width  of  the  leaves.  The  latter  diverge  from  the 
branches  at  an  anofle  of  40°  to  4*°.  A  photographic  copy 
of  this  fossil  was  submitted  to  Dr.  J.  S.  Newbeiry,  who 
pronounces  it  probably  a  species  of  Sequoia^  a  gymnosperm 
of  the  Pine  family  known  as  •'  Eedwood." 

At  J.  Gregsou's  mill,  two  miles  down  the  Cedar  from 
Austin,  the  same  rock  as  at  Austin  is  observed  forming:  a 
rifSe  so  as  to  induce  the  construction  of  a  water  power  for 
flouring  purposes.  The  stream  here  works  down  over  about 
lourteen  feet  of  rock.  The  beds  are  sometimes  two  feet  or 
more  thick,  or  the  rock  is  entirely  massive  like  an  indurated 
bhale.  Yet  in  weathering  the  thick  beds  are  checked  by 
plains  running  mainly  horizontal,  instead  of  perpendicular 
or  diagonal  as  in  most  shale.  Although  mainly  horizontal, 
these  plains  are  apt  to  unite  after  a  lew  feet,  splitting  the 
heaviest  beds  out  ienticularly.  On  considerable  exposure 
the  weather  entirely  disintegrates  and  destroys  it.  It  is 
here  worked  a  little  below  the  dam,  and  some  heavy  and 
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fine-lookiog  slabs  are  taken  out  near  the  water's  edge. 
Some  parti  are  here  plainly  somewhat  calcareous,  and  afford 
traces  of  iossil  remains  which  have  much  the  appearance  of 
brachiopoda.  These  portions  are  porous  as  by  absorbed 
fossils. 

At  Messrs.  Rosenbcrry  and  Miner's  quarry,  near  Mr. 
Gregson's  Mill,  the  exposed  section  is  as  follows,  in  descend- 
inff  order: 


"o 


Section  near  Austin^  in  Mower  County. 

No.  1.— Black,  loam  J  soil 7  to  8  ft. 

No.  2.— Loose  fragments  of  the  underJylnK  beds,  and  ciay, 

mixed 8  ft. 

No.  8.  — Heayj  stone  like  that  described  at  Austin,  clay  fill- 
ing planes  and  Joints 10  to  12  ft. 

No.  4.— Rosty  bitaminous  films }  to  I  in. 

[On  the  anthority  of  the  owners  of  the  quarry,  to  this 
section  may  be  added,  below  the  foregoing,  the  follow- 
ing:] 

No.  5.— Limestone,  filled  with  shells,  blue,  contains  flint, 

makes  lime,  penetrated 2  ft. 

The  bedding  of  No.  3  sometimes  lies  in  detached  blocks 
before  being  quarried,  the  corners  and  angles  of  which  are 
replaced  by  clay,  and  the  color  of  the  stone  is  changed  from 
blue  to  buff  or  drab  to  the  depth  of  about  two  inches. 

Along  the  sides  of  this  quarry  is  considerable  blue  clay, 
containing  no  shells  or  fossils  of  any  kind.  It  is  exceedingly 
fine  and  plastic.  It  fills  the  openings  in  the  rock,  and  is 
said  to  run  down  thirty  feet  at  least,  where  the  stone  itself 
would  naturally  lie  unless  the  beds  have  been  considerably 
broken  and  removed.  It  seems  to  occupy  a  trough-like  ex- 
cavation in  the  rock  about  a  rod  wide,  and  has  been  traced 
by  means  of  an  iron  rod  several  yards  back  from  the  river 
bank.  This  clay  below  twenty  feet  becomes  white.  This 
trough  extends  east  and  west.  , 

One  mile  below  Gregson's  mill,  at  the  mouth  of  Rose 
creek,  about  the  same  thickness  of  the  same  kind  of  stone 
may  be  seen  in  the  bank  and  bed  ot  the  creek. 

It  b  exposed  again  at  Officer's  mill,  one  mile  below  Rose 
creek,  where  the  river  passes,  in  the  form  of  a  little  ripple, 
over  the  rock,  inviting  here  also  the  improvement  ot  the  wa- 
ter power. 

Two  miles  east  of  Officer's  mill,  a  farmer  has  struck  the 
same  rock  in  two  separate  wells  on  his  farm,  in  one  at  the 
depth  of  three  feet,  and  in  the  other  at  eleven  feeK 

Below  this  place  no  rock  is  said  to  occur  in  the  river,  dif-« 
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fering  from  this,  till  at  or  near  Mitchell  or  Osage,  in  the  State 
of  Iowa,  twenty-eight  miles  from  Austin,  where  quick-lime 
is  made  from  rock  taken  from  the  banks  of  the  river. 

Mr.  Thomas  Smith,  on  S.  E.  i  Sec.  12,  T.  102,  R.  17, 
a  few  miles  east  of  Austin,  has  discovered  coal  in  the  sink- 
ing of  one  or  two  wells  on  his  tarm.  It  has  not  yet  been 
possible  to  compare  this  locality  with  that  on  the  Cotton- 
wood river,  where  coal  is  said  also  to  occur  in  limited  quan- 
tities ;  but  they  are  both  believed  to  be  beds  of  lignite  ap- 
pertaining to  the  Lower  Gretdceous.  These  localities  will 
both  be  visited  early  on  the  opening  of  another  season.  o( 
field-work. 

At  Spring  Valley,  in  the  wester^  part  of  Fillmore  county, 
is  an  extensive  bed  of  varieo:ated  and  white  clay  that  is  gen- 
erally very  fine,  but  also  sometimes  embraces  coarse  sand 
grains. 

Near  Mankato,  in  Blue  Earth  county,  the  banks  of  the 
Minnesota  river  disclose  sections  of  variegated  and  white 
clay. 

It  is  not  intended  here  to  convey  the  fixed  belief  that 
these  clays  are  of  Cretktceous  age.  They  occur  in  other 
places  in  the  southern  part  of  the  state  and  time  has  not  yet 
been  afforded  for  givitig  them  the  requisite  examination. 
These  remarks  are  appended  to  the  foregoing  description  of 
rocks  supposed  to  be  of  the  age  of  the  Cretaceous  because 
these  clays  have  been  seen  frequently  associated  with  those 
rocks,  and  because  they  do  not  appear  to  be  of  Quaternary 
age.  When  chemical  examinations  ot  these  clays  have  been 
made,  more  positive  information  concerning  their  age  and 
value  will  be  received.  Samples  from  difibrent  parts  of  the 
state  have  been  duly  collected,  and  submitted  to  the  chemist 
of  the  survey. 

(c.)     Economical  Value  of  the  Cretaceous. 

The  sediments  of  the  Lower  Cretaceous  being  mainly  silice- 
ous are  made  up  of  sandstones  and  arenaceous  clays.  These 
clays  may  be  distinctly  arenaceous,  or  the  sediments  may  be 
BO  fine  that  the  individual  grains  are  not  distinguishable  by 
the  unaided  eye.  The  sandstones  at  Austin  are  very  fine 
grained.  They  are  utilized  by  Messrs.  Roseberry  and  Miner 
In  the  construction  of  bases  lor  monuments.  These  blocks 
are  sawn  out  by  the  proper  machinery  and  given  a  high 
polish  by  the  usual  methods.  The  closeness  and  fineness  of 
the  grain  render  the  stone  capable  of  taking  a  very  smooth 
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surface.  By  first  marking  with  a  steel  point,  and  properly 
guiding  the  fracture,  it  is  cut  into  pieces  of  any  dimension. 
Its  perfect  homogeneity  of  texture  enables  the  cutter  to  de- 
pend on  his  checks.  It  makes  very  fine  hones  for  razors 
and  cutler3^  It  is  also  used  instead  of  the  celebrated  ^^Scotch 
Hone''  for  polishing  marble.  It  is  being  introduced  for  that  use 
into  the  chief  markets  of  the  Northwest  from  the  quarry  of 
Roseberry  and  Miner.  It  is  furnished  by  them  to  wholesale 
dealers  in  Chicago  at  $25  per  ton.  It  is  retailed  at  forty 
cents  per  i>ound,  the  Scotch  hone  selling  for  fifty  cents  per 
pound. 

The  bed  of  tripoli  located  at  Stillwater,  in  Washington 
county,  seems  to  consist  almost  entirely  of  silica,  like  this 
sandstone.  Yet,  its  outward  resemblance  to  many  clays  that 
are  met  with  in  the  drift  makes  it  uncertain  to  what  age  it 
belongs.  It  lies  below  a  great  mass  of  drift  materials  closely 
sheltered  in  a  nook  between  thiB  blufis  of  Brown's  creek,  and 
if  it  be  of  Uertaceotis  age,  its  position  alone  has  preserved  it 
from  the  destroying  action  of  glaciers.  It  is  of  a  reddish  or 
copper-color,  the  same  as  that  of  the  drift  clays  adjacent. 
Its  exposed  thickness  is  about  twenty  feet,  and  it  is  in  some 
places  underst ratified  with  distinct  quartz  sand.  Yet  the 
tripoli  clay  makes  up  the  mass  of  the  bank,  the  sand  layers 
bring  nothing  more  than  partings.  About  fourteen  years 
ago  a  company  was  formed  for  the  purpose  of  developing 
this  deposit  as  a  material  for  polishing,  but  nothing  of  im» 
portance  was  done.  Mr.  Abraham  Van  Vorhes,  of  Still- 
water, is  authority  for  the  statement  that  about  that  time 
samples  were  analyzed  by  Professor  Joseph  Henry,  of 
Washington,  and  by  Dr.  Jackson  of  Boston.  They  agreed 
in  pronouncing  it  a  very  fine  article  of  tripoli,  equal  to  the 
Bohemian.  It  is  at  present  only  used  to  a  limited  extent 
by  machinists  for  polishing  brass  and  iron,  and  by  cabinet 
makers  for  polishing  varnished  wood-work.  A  thin  paste 
is  made  and  the  material  applied  usually  with  cork. 

The  clay  at  Rosenberry  and  Miner's  quarry,  near  Austin, 
in  Mower  county,  is  used  for  putty,  by  simply  mixing  it  with 
boiled  linseed  oil.  It  is  first  dried  and  thoroughly  pulver- 
ized. It  is  said  to  act  as  firmly  as  Spauish  whiting.  The 
ochieouB  clays  may  in  some  places  be  made  useful  in  the 
manufactare  of  a  fine  mineral  paint. 

At  New  Dim,  in  Brown  county,  are  two  flourishing  pot- 
ter's establishments,  owned  by  Messrs.  Dauflfenbach  and 
Gieseke,  and  by  John  Steket.  At  the  former  a  blue  clay 
'^  from  the  Cottonwood''  is  mixed  with  a  similar  blue  clay 
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obtained  from  the  drift  at  New  Ulm.  The  latter  overlies  a 
heayy  stratum  of  waterwashed  and  stratified  white  sand.  It 
is  said  to  be  necessary  to  mix  these  clays  to  obtain  a  mate- 
rial  that  will  not  crack  in  the  kiln,  that  *<from  the  Cotton- 
wood" being  much  addicted  to  that  fault.  The  same  clay 
makes  a  red  brick  when  harder  burned.  A  white  clay  is 
also  used  by  DaujSenbach  and  Gieseke  for  making  fire-brick. 
Their  kiln  i^nd  fire-arch  are  built  of  brick  of  their  own 
manufacture  from  this  clay,  and  appear  to  stand  well.  This 
clay  is  obtained  at  some  dij^tance  from  New  Ulm,  at  a  point 
said  to  be  known  only  to  the  proprietors. 


VI. 
PLANS   AND   RECOMMENDATIONS. 


The  law  under  which  the  present  survey  is  being  prosecu- 
ted appropriates  the  sum  of  one  thousand  dollars  per  annum. 
This  is  too  small,  for  various  reasons,  the  chief  of  which  are  : 

1st.  It  will  not  pay  for  the  services  of  a  single  employe 
on  the  survey  capable  of  working  under  the  law.  Hence,  it 
well-nigh  renders  the  law  inoperative. 

2nd.  It  does  not  command  the  respect  and  confidence  of 
the  citizens  of  the  State  and  others,  and  serves  as  an  excuse 
for  refusing  aid  and  co-operation.  The  survey  should  be  in- 
dependent of  favors  for  which  it  now  has  to  beg,  sometimes 
to  be  scornfully  rebufi*ed. 

8d.  In  the  survey  of  these  portions  of  the  State  inacces- 
sible by  public  roads,  or  by  railroads,  it  will  be  necessary 
to  employ  laborers,  and  incur  other  expense,  for  which  the 
sum  of  one  thousand  dollars  is  not  sufficient. 

4th.  In  order  to  conduct  the  survey  on  one  thousand 
dollars  per  annum,  the  State  Geologist  must  find  some  oth- 
er employment  a  portion  of  the  year. 

5th.  The  magnitude  of  the  interests  involved  demands 
that  ample  means  be  allowed  for  doing  the  work  of  the  sur- 
vey thoroughly  and  without  embarrassment. 

These  considerations  ought  to  induce  the  legislature  to  in- 
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crease  the  amount  now  appropriated  to  a  sum  sufficient  at 
least  to  keep  one  man  constantly  employed,  and  to  pay  all 
expense  of  field-work  and  chemical  examinations. 

In  connection  with  the  subject  of  increasing  the  means 
provided  for  the  geological_8urvey,  it  is  suggesteqf the  State 


lands  known  as  Sali  landf^A  may  oe  so  som  or  appropriated, 
under  the  management  oftEe  Board  of  Regents  of  the  Uni- 
versity, as  to  be  available  for  that  purpose.  It  would  be  in 
perfect  consonance  with  the  original  design  in  the  reserva- 
tion of  these  lands  from  sale,  if  they  were  placed  in  the  custody 
of  the  Board  of  Regents,  conditioned tfBttheir  use/Tit  the  pros- 
ecution of  the  Geological  and  Natural  History  Survey  of  the 
State,  with  a  view  to  the  early  and  economical  development 
of  the  brines  of  tho  State. 

The  law  cannot  be  carried  out  without  the  purchase  of 
chemicals  and  apparatus  for  the  use  of  the  Chemical  Depart- 
ment of  the  survey,  and  without  the  purchase  of  instruments 
to  be  used  in  the  prosecution  of  the  field-work.  It  is  too 
much  to  ask  the  State  University  which  now  pays  the  ser- 
vices of  the  Chemist  of  the  survey  besides  furnishing  rooms 
for  laboratory  work,  to  provide  for  these  expenses. 
There  ought  to  be  a  special  appropriation  of  several  hun- 
dred dollars  to  make  these  purchases.  The  Board  of 
Regents  are  referred  to  tho  accompanying  statement  of 
Prof.  D.  P.  Strange,  Chemist  of  the  Survey,  for  information 
on  this  subject. 

The  law  creating  tho  survey  is  very  explicit  in  defining 
the  work  to  be  done.  It  requires  that  the  geological  survey 
proper,  unless  otherwise  ordered  by  the  Board  of  Regents, 
shall  be  first  completed.  Hence  no  steps  have  been  taken 
toward  the  performance  of  anything  not  strictly  geological. 
Indeed  it  is  beyond  the  means  afforded  at  present  to  do  any 
work  in  the  botanical  and  zoological  departments,  before  the 
substantial  completion  of  the  geological  portion  of  the 
survey.  It  is  evident,  however,  that  the  aggregate  expense 
of  the  Geological  and  Natural  History  Survey  will  be  consid- 
erably reduced  by  carrying  on  the  different  departments  in 
conjunction.  It  would  be  duplicating  at  considerable 
expense,  the  various  parties  and  explorations,  to  delay  all 
observations  and  collections  illustrative  of  the  zoology  and 
botany  of  the  state  till  after  the  geological  observations  had 
been  made.  Parties  would  have  to  be  seut  again  over  much 
of  the  same  territory.  A  special  botanist  or  zoologist  might 
accompany  the  geological  party  without  much  additional 
expense,  making  valuable  collections  that  might  otherwise 
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be  lost.  Thus  in  an  economical  sense,  as  well  as  in  a 
gander  and  deeper  sense  depending  on  their  co-adaptation, 
these  sciences  cannot  be  divorced.  They  cannot  act  inde- 
pendently of  each  other.  In  the  prosecution  of  the  geologi- 
cal survey  many  opportunities  will  be  offered  for  the  fur- 
therance of  the  botanical  and  zoolo;?ical  investigations. 

Prof.  E.  H.  Twining,  late  of  the  University  of  Minnesota, 
now  of  the  University  of  Missouri,  has  furnished  the  accom  • 
panying  list  of  plants  found  by  him  growing  on  the  Univer- 
sity grounds  during  his  residence  here  as  Professor  of  Chem- 
istry in  the  State  University. 

In  the  prosecution  of  the  geological  survey  proper,  after 
ft  general  reconnoissance  with  a  view  to  the  determination  of 
the  general  trend  ot  the  formations,  and  the  identification  of 
sufficient  characters  to  decide  their  ages,  it  will  be  necessary 
to  enter  on  the  detailed  examination  of  the  State  by  coun- 
ties. This  more  special  investigation  implies  the  careful 
delineation  of  the  outlines  of  the  formationa  with  all  their 
windings,  as  they  are  found  in  each  county,  on  suitable  maps 
properly  colored,  the  description  of  the  topography,  soil  and 
material  resources  of  each  couuty,  together  with  a  scientific 
account  of  the  chemical  and  mineralogical  characters  of  the 
rocks  found  therein.  In  the  progress  of  the  survey  the  spe- 
cific names  of  the  fossils  pertaining  to  the  various  formations 
will  be  ascertained,  and  in  the  end  complete  lists  of  these 
ancient  faunas  will  be  made  out,  to  which  will  be  added  de- 
scriptions and  figures  to  illustrate  any  new  species  that  may 
be  discovered.  These  investigations  necessarily  require 
much  time  and  study,  to  say  nothing  of  the  labor  of  collect- 
ing and  preset  ving  the  specimens. 

The  question  ot  the  existence  of  brine  in  the  State  of  Min- 
nesota U  one  of  the  most  important,  in  an  economical  sense, 
that  can  be  presented  for  the  investigation  of  the  survey. 
It  should  nol  be  hastily  answered.  Too  much  is  involved 
to  be  rested  on  the  result  of  a  guess.  Too  much  also  is 
involved  to  bo  prejudiced  by  the  failure  of  unguided  expen- 
ditures. The  testa  that  may  be  made  ought  to  be  made  in 
the  lullest  light  of  all  the  facts  that  science  with  its  general- 
izations can  throw  upon  them.  It  comes  within  the  scope 
of  geological  investigation,  and  ought  not  to  be  hazarded  in 
the  hands  of  empirical  novices. 

The  salt  springs  said  to  occur  in  this  State  may  have 
either  of  two  origins.  They  may  be  the  results  of  overflow 
of  extensive  fcalt  basins  embraced  m  the  rocky  structure  of 
the  Slate,  or  they  may  be  the  result  of  superficial  accumula- 
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lions  similar  to  the  other  saline  and  alkaline  deposits  that 
are  scattered  largely  over  the  western  plains.  It  is  not  in- 
tended now  to  give  this  question  the  discussion  its  import- 
ance demands  at  the  bands  of  the  survey.  No  investigation 
ofihephenomenaof  the  regions  where  these  springs  exist, 
has  been  made.  It  is  only  intended  to  suggest  the  import- 
tance  of  correct  scientific  processes  in  the  future  efforts  for 
their  development. 

It  is  recommended  that  the  law  ordering  the  survey  be 
amended  so  as  to  require  the  Board  ot  Regents  to  supply 
suites  of  duplicate  geological  specimens  collected  to  the 
State  Normal  Schools,  after  the  University  collection  shall 
have  been  completed. 

Very  respectfully  submitted, 

N.   H.   WiNCHEIX, 

State  Geologist. 

Untversitt  of  Minnesota,  > 

St.  Anthony,  Minn.,  Dec.  31,  1872.  > 
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STATEMENT  OF  THE  CHEMIST  OF  THE  SURVEY. 


Prof.  ji.  H.  Wtnchdlf  Geologist  of  Survey: 

Sib  : — I  have  to  report  that  I  have  been  utterly  uaable  to 
do  any  chemical  work  upon  the  Geological  Surrey  to  the 
present,  owing  to  the  lack  of  necessary  apparatus,  and  also 
to  the  impossibility,  with  present  heating  facilities  in  our 
laboratory,  of  conducting  any  chemical  analysis  during  the 
winter  season. 

Very  respectfully, 

D.  P.  Strange, 

Chemist  of  Survey. 
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LIST   OF   PLANTS 

M(My  herbctceoiu  in  the  neighborhood  of  SL  Anthony  Min* 

nesota—prineipally  found  on  the  University  Grounds. 

1869—1872. 

BT  PROFESSOR  Ifi.   H.   TWINING. 


RAHUNCUULCEAB. 

RanQDcalas  rhomboideas. 
B.         repens. 
R.        FennsylYaaica. 
R.         abortiyos. 
R.         scelerfttos. 
Anemone  Nattaliana. 
A.      nemerosa. 
A.      Fennsylyanica.  ' 
A.      cylindrlca. 
A.      Virglnica. 
A.    thalictroides. 
Actaea  spicata. 
Aqnilegia  Canadensis. 
Thallctram  Cornati. 
Belphininm  aznrenm. 
Clematis  Virginlana. 
Caltba  palastrls. 

PAFAVSRACBAB. 

Sangninaria  Canadensis. 

VIOLACKAB. 

Viola  cncnllata. 
V.    delphinlfoUa. 
V.    pnbcscens. 
V.    pedata. 

CRUCIFERAB. 


Torritis  stricta. 
Arabia  laevigata. 
Capsella  bnrsa-pastorls, 
Lepidinm  Virginicom. 
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GESANIACSAS. 

Geranium  maculatum. 
Impatiens  falva. 

HTDROPHTLLACEAB 

Hydrophjllnm  Virglnlcnm. 

0X4LIDACJSA8. 

Oxaiis  stricta. 
O.    violacea. 

CIRTOPHTLLACKAX. 

Arenaria  lateriflora. 
SteUaria  longifolia. 
Sllene  antlrrhina. 
Agrostemma  Gitliago. 

LROUMIKOSAE. 

Lupinus  perennis. 
L.      ochroleucns. 

L.      venosas. 
Vicia  Americana. 
Astragalas  Canadensis. 
A.       caryocarpus. 
Psoralea  argophylla. 
Amorpha  canescens. 

A.      Aniticosa. 
Petalostemon  Candidas. 

P.  Tiolaceus. 

P.  Yillosns. 

Amphicarpaea  monoica. 
Apios  taberosa. 
Pbaseolas  diyersifolias. 
Desmodlum  acuminatum. 

D.  Candadense. 

Cassia  Chamaecrlsta. 

POLEMOKIACXAK. 

Pliloz  pilosa. 

6AXIFRAOACBAB. 

Hencbera  bispida. 
Parnassia  Carollniana. 


ROSACBAB. 


Gcnm  strlctum. 

G.    album. 

G.    triflorum. 
Fragaria  vesca. 

F.    Vlrglniaua. 
Rosa  blanda. 
Potentilla  Norvegica. 

P.    Canadensis. 
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P.    anserina. 

P.    argata. 
Spiraea .  saliclfoUa. 
Pniiias  Ylrginlana. 
Agrimonia  Eapatorla. 
Amelanchier  Canadensis. 
Rabas  Canadensis. 

BORRAOINACKAV. 

Llthospermnm  canescens. 

L.  hi  nam. 

L.  longlfloram. 

Echlnospermnm  Lappala. 

£.  Radowskll. 

Cynoglossnm  Morrison!. 


VERBENACBAR. 


Verbena  hastata. 

V.       bractiosa. 

V.       nrtlcaefolia. 

V.       strlcta. 
Pbyrma  leptostachya. 

LABIATAS. 

Mentha  Canadensis. 
Leonnms  cardiaea. 
Lophanthas  anlsatus. 
Stachys  palnstrls. 

8.  "    Tar.  aspera. 

Monarda  flstulosa. 
Lycopns  Earopaens. 
Teucrinm  Canadense. 
Pycnanthemam  lanceolatam. 
Scntellarla  paryula. 

S.    lateriflora. 
Nepeta  catarla. 


Ribes  florldnm. 
R.    cynosbatl. 


OROSSULACBAB. 


GAPRIFOLIACBAB 


Sambncas  pnbens. 

Ylbarnam. 

Symphorlcarpns  occldantalis. 

Lonlcera. 

RUB1ACBAB. 

Galium  boreale. 
G.    trlflornm. 

CORNACBAB. 

'  Cornns  circlnnata. 
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ABAUACBAJE. 

Arftlia  rftcemosa. 

UMBELLIFKBAE. 

Sanicala  Marilandica. 
ClcQta  macnlata. 
Fastioaca  sativa. 
Tbaspium. 

CUCUBBITACBAS. 

£chiDOC78tis  lobata. 

ONAGRACBAB. 

Eplloblam  coloratam. 

£.    palastre. 
Oenothera  biennis* 

O.  sernilata. 

YITACEAB. 

Vltis  cordifolia. 

RHAMXACBAE. 

Oeanothas  AmericanoB. 

UXACBAE. 

Linum  rigldum. 

MALVACEAE. 

Malra  rotaudifolla, 

HTPXRICACEAE. 

U jpericum  pyramidatam. 

CISTACEAB. 

lUliantbemum  Canadenae. 

CAFPARIDACEAE. 

rolanisia  graveolena. 

FUMARIACEAE. 

Dlcentra  Canadensis. 

6ARRACENL&CBAE. 

Sarracenia  purpurea. 

Kymphabaceab. 

Nymphaea  odorata. 
Nupbar  advena. 
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C0MP08ITAB. 

Tazacam  dens-leonls. 
Taxlmon  CDspldatam. 
Antennarla  marearitacea. 

A.    PanDsylvanlca. 
£rigeroD  Fbiladelphicnxn. 

£.    bellldifoliam. 
£eneclo  anreaa. 
Chrysopsis  ylllosa. 
•Cynthia  Virginlca. 
Achillea  mlUefolium. 
Hadbeckla  plrta. 
R.    lacinlata. 
Heliopsis  laeyis,  var  scabra. 
^€oreop8is  palmata. 
Hellanthns  atramosas. 
H.         Tigidai. 
H.         giganteos. 
U.         hirsatus. 
.Solidago  lanceoleta. 
S.      Missoariensis. 
S.      latifolia. 
».      nemoralis. 
S.      CaDadenais. 
8.      rigida. 
Enpatoriam  pnrpareum. 
£.        perfoliatum. 
E.        ageratoides. 
8oDchas  aaper. 
Lepachys  plnnata. 
Aster  Novae  Angllae 
A.    cordlfolius. 
A.    azareas. 
A.    laeyls. 
A.   maltiflorus 

A.  sericeas. 
Xactaca  eonglata. 
Ltatria  scarioia. 
HeleDium  aatumnale. 
Nabalas  albas. 

N.      racemosos. 
Ambrosia  trlflda. 
Lygodesmia  Jancea. 
Bldens  chrysanthemoldes. 

B.  biplnnata. 

SCnROPHULARIACEAV. 

RhlnanthQS  crlsta-galli 
CastUleJa  coccinea. 
Pentstemon  grandiflorns. 

P.  pubescens. 

Scrophnlaria  nodosa. 
Veronica  Americana. 

V.        Vlrglnica- 
Mimalas  Jamesil. 

M.       ringens. 
Linaria  valgaris. 
Vcrbascum  thapsus. 
Gerardia  tenuifolla. 

G.       purpurea. 
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Chelona  glabra. 
Pedicnlaris  lanceolata. 


80LANACEAB. 


Physalis  angalata. 
Solanum  nigrum. 


GENTUNAGEAE* 


Gentlana  crinita. 
G.      Andre  wsii. 


POLYOONACEAE. 


Bamex  acetosella. 

R.    criipufl. 
Polygonnm  Conynlvalas. 
P.       ayicniare. 
P.       Periicaria. 


CAMPANULACifAE. 


Campanula  rotnndlfola. 
C.    aparinoides. 


LOBELIACBAB. 


Lobtlla  spicata. 
L.    syphilitica. 

Nyctaqd^acbab. 

Oxypaplius  nyctaginous. 
0.    angustiiolius. 

KKICACBA. 

Pyrola  ellipUca. 

PltlMULACBAB. 

Lysimachia  cillata. 

ASCLKPIADACEAR. 

Asclepias  oyalifolla. 
A.        tnberosa. 
A.        Comuti. 

APOCYKACEAB. 

Apocynum  androsaemifollnm. 

EUPnORBIACEAE. 

Euphorbia  coroUata. 
£.  maculata. 

£.  cyathophora. 
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OBOBIDACaAB. 


Cypripedlam  pabescens. 

O.    spectabllis. 
Splranthea  graminea. 


AU8MACKAS. 


SagittarU  TarUbUls. 

LIUACSAB. 

UTQlarla  grandlflonu 

U.    sessilifolia 
MiO>^nthemam  blfoliam. 
Smilacinea  stellata. 
Polygonatum  blflornm. 
Allinm  cernaam. 
Llalnm  Canndense. 

L.    saperbam. 

8MILAOSAK« 

Trilliam  cernaam. 

IRIDACRAB. 

Sj8!rhynchlaiD  Berrandianom. 

AM  A  RYIXID  ACS AK. 

Hypozis  e recta. 

COMHKLTNACKAK. 

Tradescanta  Virgiolca. 

aAUOACBAX. 

Salix  iQclda. 


OTPIBACBA. 


Cypenu  dentatas. 


OBAKOfBAB. 


Fhlenm  pratenae. 
Setaria  vlridis. 
Agrostis  valgaris. 
Tritlcum  caninam, 
Cenchnu  tribaloidea. 


17 
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Note. — The  profile  elevations  tor  the  Southern  Minnesota 
railroad,  given  on  page  59,  may  be  referred  to  the  level  of 
Lake  Superior  by  adding  14  feet,  and  to  the  level  of  the 
ocean  by  adding  614  feet.  The  descent  of  the  Mississippi 
from  St.  Paul  to  Grand  Crossing,  opposite  La  Crosse,  is  62 
feet,  as  ascertained  through  the  Milwaukee  &  St.  Paul  and 
Southern  Minnesota  railroad.  If  the  distance  between  St, 
Paul  and  Grand  Crossing  be  taken  at  134^  miles,  and  if  22) 
miles  be  omitted  for  lake  Pepin,  the  aveiage  fall  per  mile 
of  the  Mississippi  river  is  .554  feet.  General  Warren  as- 
certained the  average  descent  of  the  Mississippi  from  St. 
Paul  to  Hastings  to  be  .556  ft.  per  mile. 
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ADDRESS 


To  ihe  Ptendeni  of  the  University: 

I  have  the  honor  to  offer  the  accompanying  report  on  the 
progress  of  the  Geological  and  Natural  History  Survey  of 
the  State,  for  the  year  1873.  The  last  Legislature  increased 
the  means  provided  for  the  prosecution  of  the  survey,  by 
doubling  the  cash  appropriation,  making  it  two  thousand 
dollars  annually,  and  transferred  to  the  Board  of  Regents 
the  State  lands  known  as  <'  8alt  Spring  Landed  the  pro- 
ceeds of  which  they  are  required  to  expend  exclusively  in 
the  prosecution  of  this  work.  At  the  same  time  the  Board 
of  Biegents  of  the  University  were  required  to  direct  the 
immediate  survey  of  the  peat  deposits  of  the  State,  and  to 
cause  an  investigation  and  repoit  on  the  Salt  Springs. 

While  these  special  investigations  have  been  carried  on 
as  far  and  as  thoroughly  as  possible,  the  progress  of  the 
general  survey  has  also  been  pushed  as  far  as  the  means 
and  time  would  permit. 

In  general,  the  field  of  observations  has  been,  during  the 
season  of  1873,  in  the  southwestern  part  of  the  State.  The 
valley  of  the  Minnesota,  and  those  of  some  of  its  tributa- 
ries, have  been  subjected  to  a  reconnoissance  which  has 
served  to  answer  many  questions  that  were  important  to 
answer  before  entering  on  the  detailed  county  work,  and  in 
that  manner  has  also  served  to  prolong,  though  not  yet  to 
complete,  the  preliminary  survey  that  occupied  the  short 
season  of  1872.  The  results  of  this  reconnoissance,  both 
scientific  and  economical,  will  be  found  stated  in  the  proper 
places  in  the  accompanying  report. 

The  counties  of  Cottonwood,  Jackson  and  Nobles  have 
been  subjected  to  thorough  inspection  for  peat.  Incidental 
examinations  have  also  been  made  on  peat  deposits  in  the 
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counties  of  Dakota,  Hennepin,  Ramsey,  Le  Sueur,  Nicol* 
let,  Faribault  and  Stearns.  Prof.  S.  F.  Peckham,  the 
chemist  of  the  survey,  has  made  tli^  analysis  of  thirteen 
specimens.  Before  his  appointment  six  specimens  were 
also  submitted  to  Pr.  P.  B..  Rose,  of  Ann  Arbor,  Michigan, 
for  analysis.  The  reports  of  these  gentlemen  will  also  be 
found  m  the  accompanying  report,  supplemented  by  re- 
marks on  the  methods  of  working  peat,  and  its  value  as  a 
fuel  for  general  use,  and  by  sundry  practical  conclusions  on 
the  peats  of  Minnesota. 

The  question  of  the  existence  of  Carboniferous  coal  in 
Minnesota,  has  also  occupied  considerable  time  during  the 
past  season.  The  frequent  statements,  positively  put  forth 
in  the  public  prints,  of  the  finding  of  considerable  quanti- 
ties of  good  coal  in  the  southernVnd  southwestern  part  of 
the  state,  together  with  the  published  opinion  of  Mr.  H. 
H.  Eames,  reporting  to  the  legislature  in  1866,  to  the  effect 
that  the  Carboniferous  rocks  of  the  State  of  Iowa  are  pro- 
longed northward  into  Minnesota,  and  there  furnish  the 
«<coar  of  the  Cottonwood  and  Redwood  valleys,  induced 
the  attempt  to  determine,  as  far  as  possible,  the  source  of 
the  float  coal  found,  and  the  real  age  of  the  rocks  explored 
for  coal  in  that  portion  of  the  State.  This  question  wae 
believed  to  be  paramount  to  all  others  bearing  on  the  fuel 
supply,  and  although  its  solution  is  not  entirely  accom- 
plished, yet  enough  has  been  ascertained  to  warrant  certain 
practical  and  important  conclusions.  The  facts  on  which 
these  conclusions  are  based,  will  be  found  stated  in  difterent 
parts  of  the  following  report,  and  need  not  be  repeated 
here. 

1st.  The  rocks  that  have  been  explored  for  coal,  on  the 
Cottonwood  and  Redwood  rivers,  belong  to  the  Cretaceous 
system,  and  do  not  promise  to  be  productive  of  coal  in 
valuable  quantities. 

2d.  The  coal  there  taken  out  is  of  an  inferior  grade, 
though  varying  from  cannel  coal  to  charcoal. 

3d.  As  the  rocks  of  the  Cretaceous  period  are  believed 
to  have  existed  throughout  the  most  of  the  State,  the  only 
probable  exception  being  in  the  southeastern  portion, 
including  half  a  dozen  counties,  such  coal  is  likely  to  occur 
at  a  great  many  places. 

4th.  The  *  afloat"  coal  which  has  so  often  attracted  the 
attention  of  the  people,  is  derived,  so  far  as  yet  known, 
from  the  disruption  of  the  Cretaceous  rocks  by  the  glaciers 
of  the  ice  period.    It  is  scattered  through  the  drift,  and 
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IB  met  with  in  wellsl  and  other  excavations,  and  may  be 
often  picked  up  along  the  beds  of  streams. 

5th,  The  only  part  of  the  state  where  good  coal-bearing 
strata  of  the  Carboniferous  age  may  occur,  comprises  the 
couDties  of  Mower,  Freeborn  and  Faribault.  As  these 
<X)nntieB  areheavily  covered  with  drift,  the  question  can  be 
settled  definitely  only  by  drilling  or  shafting  to  the  rook. 
Should  Carboniferous  rooks  be  met  ifi  Faribault  county, 
there  would  also  be  some  reason  for  exploring  for  the  same 
in  the  southeastern  portion  of  Blue  Earth  county. 

In  regard  to  the  investigation  of  the  salt  springs,  nothing 
further  has  been  done  than  to  ascertain  their  history,  and 
the  present  condition  of  the  United  States  land  grant.  It 
has  been  found  that  the  original  grant  covered  46,080  acres. 
Of  this  the  State  was  unal£  to  avail  itself  of  11,520  acres, 
that  amount  being  situated  outside  of  the  area  surveyed  by 
the  U.  S.  Government.  The  springs,  however,  lying  out- 
side of  the  surveyed  portions  of  the  State,  were  carefully 
located  by  metes  and  bounds,  and  at  the  order  ot  Governor 
Sibley  the  request  was  entered  at  the  Land  Department  at 
Washington  that  the  lands  appertaining  to  each  spring  so 
located,  also  those  lying  within  the  surveyed  portions, 
claimed  by  the  State  under  the  act  of  Congress  admitting 
the  State  into  the  Union,  be  withheld  from  sale  and  occu- 
pancy. They  have  not  been  so  withheld,  and  those  lands 
have  not  been  certified  to  the  State.  This  fact  reduced  the 
original  available  grant  to  34,560  acres.  It  has  been  fur- 
ther reduced  by  the  occupancy  by  settlers,  6,752  acres. 
About  1,600  acres  were  also  previously  covered  by  the 
terms  of  the  act  granting  swamp  lands  to  the  State.  The 
remainder,  26,435  acres,  have  been  certified  to  the  State. 
The  Belle  Plaine  Salt  Company  were  granted  7,643  acres 
of  the  certified  Salt  Spring  Lands,  on  complying  with  the 
acts  of  the  Legislature.  The  rest  of  the  certified  lands, 
amounting  to  18,771  acres,  are  now  available  for  the  prose- 
cution of  the  survey.  The  uncertified  portion  of  the  orig- 
inal grant,  aggregating  19,872  acres,  inasmuch  as  the  whole 
was  properly  selected  and  located  within  the  terms  of  the 
.  Enabling  Act,  should  be  the  subject  of  a  memorial  to  Con- 
greBB,  as  suggested  by  Auditor  McIIrath,  in  his  report  for 
187L  It  is  believed  that  the  U.  S.  Government  would 
gladly  make  up,  by  an  additional  grant,  the  deficiency  that 
has  resulted  in  great  loss  to  the  State,  through  the  neglect 
or  inadvertence  of  its  own  ofiicers. 

The  traveling  expenses  have   been  materially  reduced 
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during  the  past  season  by  the  courtesy  of  the  officers  of  the 
following  railroads,  who  have  granted  me  continuous  passes 
over  their  roads,  viz. :  the  St.  Paul  and  Sioux  City, 
and  Sioux  City  and  St.  Paul ;  the  Southern  Minnesota ;  the 
Northern  Pacific,  and  the  St.  Paul  and  Pacific. 

Dr.  I.  A.  Lapham,  Director  of  the  Geological  Survey  of 
Wisconsin,  has  furnished  a  catalogue  of  the  plants  of  Min- 
nesota, made  up  from  various  sources,  including  his  own 
observations,  and  known  to  be  growing  in  the  state  at  the 
date  of  1865.  The  reputation  of  Dr.  Lapham  for  scientific 
accuracy,  not  only  increases  the  value  of  this  gift,  bat 
makes  it  highly  desirable  that  its  publication  be  not' delayed. 
Although  not  strictly  of  a  geological  character,  yet  it  comes 
within  the  scope  of  the  survey  and  is  herewith  presented. 

A  great  many  individuals  hav^  aided  in  the  prosecution 
of  the  survey  during  the  past  season.  Of  these,  I  can 
name  Prof.  Ira  Moore,  of  St.  Cloud,  who  has  also  donated 
to  the  University  Museum  a  number  of  interesting  fossils 
and  minerals  from  various  localities;  W.  Z.  Haight,  of 
Delevan,  who  has  taken  great  interest  in  the  peat  investiga- 
tions, and  has  furnished  much  information  on  the  manu- 
facture of  peat  in  Faribault  county ;  Gov.  Stephen  Miller, 
of  Windom ;  I.  J.  Bochussen.  of  St.  Paul ;  Park  Worden, 
of  Minnesota  Falls ;  Henry  Hill  and  A.  J.  Luce,  of  Granite 
Falls,  and  Capt.  H.  H.  Herrick,  of  DeGraflf,  D.  C.  I  am 
also  under  many  obligations  to  the  citizens  of  Cottonwood, 
Nobles  and  Jackson  counties,  for  assistance  in  making  the 
peat  survey  of  those  counties. 

In  the  examination  of  the  Minnesota  Valley  I  was  accom- 
panied as  far  as  to  Mankato,  and  thence  up  the  Blue  Earth 
to  Wells,  by  Mr.  P.  P.  Furber,  a  student  in  the  Univer- 
sity. From  Mankato  to  the  head  of  Big  Stone  Lake,  Mr. 
C.  £.  Chatfield,  also  a  student  in  the  University,  was  my 
only  companion.  The  assistance  of  these  young  men  con- 
tributed greatly  to  the  thoroughness  and  success  of  the 
exploration  of  that  valley.  We  depended  on  the  scattered 
inhabitants  for  sustenance,  and  traveled  with  a  single  horse 
and  light,  covered  wagon.  At  night  we  usually  slept  in 
our  tent,  camping  near  some  farmer  of  whom  we  obtained 
meals. 

Very  respectfully, 

N.  H.  WINCHELL. 
The  UNrvEKsmr  op  Minnesota,  > 

Minneapolis,  Dec.  31, 1878.      ) 

,  Digitized  by  VjOOQ IC 


UKiYJBBsrrr  of  KunmsoTA.  79 


I, 
THE  BELLE  PLAINE  SALT  WELL- 


(a)     General  Section  of  the  Well. 

The  report  ou  the  Belle  Plaine  Salt  Well,  which  was 
printed  by  order  of  the  Senate,  in  Jan.  1872  [Ex.  Docs,  of 
Minn,  for  1872,  vol.  I.  p.  44]  covered  only  that  part  of  the 
drill  above  210  feet,  and  pertained  only  to  the  drift  mate- 
rials, or  to  the  deposits  overlying  the  Silurian  rooks.  There 
are  some  reasons  for  believing  a  portion  of  the  loose  mate- 
rials passed  through  in  that  distance  belong  to  the  Creta- 
ceons.  It  is  known  that  some  portions  of  that  formation 
consist  of  loose  materials,  and  they  may  be  mistaken  for 
drift,  especially  in  a  region  where  the  soft  rocks  of  that  affe 
are  not  known  to  exist,  by  workmen  who  are  not  exact  ob- 
Berrers,  but  are  prone  to  classify  the  rocks  they  happen  to 
encounter  according  to  their  visible  characters  and  the  ease 
with  which  they  are  penetrated.  The  occurrence  of  occa- 
sional vegetable  fragments  is  further  evidence  of  the  pre- 
glacial  age  of  those  materials.  Since  that  report  was  made 
the  well  has  been  sunk  to  the  depth  of  710  feet. 

The  section  of  the  well  is  thus  described  by  Mr.  P.  M. 
Barker,  who  superintended  the  work : 

Suftceuid  drift 316  feet 

Potsdam  saDdrock 16  << 

OchreoDS  shale 10  *• 

Soap8tone,yarlegated  and  mottled 40  ** 

SemUigneouB  foniiatloii 108  « 

Bed  shale  or  marl •- 6  «* 

Igneous  formatioD «,.  814  « 

Total  depth  of  weU ....,    710    « 
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(b)    Nates  and  LeUer  of  A.  WincheU. 

In  July,  1872,  samples  of  the  preserved  drillings  from 
depths  from  242  feet  to  411  feet  were  forwarded  to  Prof.  A. 
Wincheli,  for  examination.  His  notes  and  aocompanying 
letter  to  Gov.  Austin  are  as  follows : 

At  depth  of  242  ft.— Highly  magnesian  clays— purple  and  speckled  with 
white— mostly  without  sUiceoas  icrains.  Generally  no  condn- 
sive  evidence  for  deciding  whether  drift  or  in  place.  On  the 
whole,  I  think  the  fragments  are  from  a  formation  in  place. 
One  of  them  contains  a  few  qaartssose  grains,  and  has  a  ded- 
dedly  metamorphiclook.  All  the  specimens  resemble  softened 
porphyries. 

368  ft.— A  mass  of  grannies  or  cliips,  similar  to  above,  bat  more  anifbrm- 
ly  red.  and  less  nnctnous.  All  crush  under  the  knife  and  ex- 
hibit a  streak  lighter  than  the  mineral— sometimes  grayish. 

880  ft.— Fragments  still  more  like  (242-282)  but  less  unctuous.  A  broken 
crystal  of  calcite. 

885  ft.— Frasment  (nearly  a  cubic  inch)  of  a  rock,  composed  apparently 
of  reddisn  clay  and  a  white  mineral,  like  magnesia  or  kaolin 
intimately  mixed.  The  white  mineral  tending  in  places  to 
veins.    The  aspect  is  decidedly  that  of  a  rock  in  place. 

890  ft.— Fragments  like  (880)  but  with  more  calcite,  and  one  slightly  pol- 
ished fragment  of  glassy  quartzlte. 

398  ft.— Almost  identical  with  (890).  From  the  same  depth,  however, 
is  a  lump  of  adhesive  clay,  which  is  evidently  produced  by 
grinding  up  rock  like  (242*282). 

400  ft.— Essentially  like<242-282). 

405  ft.— Essentially  the  same— with  one  fragment  of  quartz. 

409  ft.— Same. 

411  ft.— Same. 

There  is,  in  addition,  a  parcel  of  fragments  from  some 
depth  not  indicated.  Their  general  character  is  like  that  of 
(242-282).  It  is  easy  to  see  that  one  of  them  is  a  brecci- 
ated  rock  composed  of  fragments  of  argillaceous  character 
and  quite  soft.  One  is  unequally  cemented  by  a  deposit 
of  calcite. 

From  an  examination  of  the  specimens  and  a  study  of 
everything  that  has  been  written  which  could  bear  upon 
the  question,  I  am  led  to  think  the  rocks  now  being  bored 
through,  belong  to  thesub-silurian  series — probably  equiva- 
lent to  the  quartzite  and  pipestone  outcropping  about  New 
Ulm  and  in  Pipestone  county,  Minnesota.  (White,  lo.  Bep. 
I,  pp.  169,  170;  Shumard:  Owen's  Bep.  p.  491.) 

LETTER  TO  GOV.  AUSTIN. 

Ann  Arbor,  Mich.,  12  Aug.  1872. 
Oov.  Horace  Austin^  St.  Pavl^  Minn.^ 
Sir  :    Yours  of  the  24th  of  July  was  found  awaiting  me 
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on  my  return  from  the  east,  thoagh  the  case  of  specimens 
did  not  arrive  until  August  5th,  when  I  was  prostrated  by 
an  obstinate  fever,  which  has  continued  for  a  week.  Im- 
proving such  opportunities  as  I  hi^ve  had,  I  have  made  a 
pretty  thorough  physical  examination  of  the  specimens  and 
reviewed  all  that  has  been  published  on  the  question  of 
their  identification  and  their  relations  to  the  geology  of 
Belle  Plaine,  and  I  would  respectfully  report  as  follows : 

L  Neither  your  note  nor  the  accompanying  one  from 
Mr.  Hooper  intimates  whether  the  materials  passed  through 
below  200  feet  are  wholly  of  the  kind  sent,  or  whether  these 
fragments  and  masses  were  found  mixed  with  niuch  clay 
and  sand,  and  even  hard  pebbles. 

I  infer,  however,  from  an  inspection  of  the  specimens, 
that  they  are  samples  of  rocky  strata  found  in  place. 

At  the  same  time,  their  uniform  softness,  for  200  feet,  is 
very  remarkable,  and  would  suggest  that  the  drill  is  passing 
through  strata  which  are  highly  tilted* 

2.  Mr.  Hooper  informed  me,  last  year,  that  at  202  feet 
a  shelly  rock  had  been  reached,  which,  at  210  feet,  became 
solid  sandstone  and  constituted  a  bed*rock.  I  inferred 
that  this  was  the  Potsdam  Sandstone,  and  still  think  that 
whatever  there  was  of  it,  belonged  to  that  formation. 
Between  210  and  242  teet,  I  have  no  information ;  and  it 
appears  that  the  sandstone,  [a  lower  sandstone  than  that  at 
St.  Paul,]  was  completely  pierced  in  that  interval  or  less. 
The  old  well  was,  therefore,  very  near  the  bottom,  or  perhaps 
quite  at  the  bottom  of  the  sandstone.  The  ancient  valley  of 
the  Minnesota  river,  which  probably  once  discharged  the 
waters  of  a  much  wider  hy Orographic  basin,  was  eroded 
oompletly  to  the  sub-silurian  rocks. 

3.  These  sub-silurian  rocks  are  very  remarkable.  All 
the  samples  are  agillo-magnesian,  mostly  fine-grained,  unc- 
tuous, sometimes  lined  and  frequently  speckled  with  a  white 
mineral  like  magnesia  or  kaolin.  They  present  almost  no 
gnins  of  quartz,  but  sometimes  inclose  crystals  and  seams 
of  calcite.  The  color  is  reddish  and  purplish.  Viewed 
without  a  test  for  hardness,  they  look  like  vitreous  porphyry. 
I  am  led  to  think  they  represent  the  formation  known  to 
outcrop  at  New  Ulm  and  in  Pipestone  county.  These  clays, 
in  fact,  are  substantially  the  catlinite  or  <<pipestone"  so  well 
known  in  that  county. 

4.  If  these  conclusions  are  correct,  there  is  no  hope, 
either  of  salt  or  a  well  of  fresh  water,  by  boring  deeper, 
and  not  another  dollar  ought  to  be  expended  in  this  hope. 

11 
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5.  It  will  be  noted  that  my  recommendation  in  my  for- 
mer report  suggested  the  propriety  of  boring  orUy  to  the 
bottom  of  the  Potsdam  Sandstone.  As  there  intimated,  there 
are  certainly  many  regions  in  Minnesota,  where  a  well 
bored  to  the  bottom  of 'this  formation,  would  prove  to  be 
artesian.  Belle  Plaine,  as  I  feared,  does  not  prove  to  be 
favorably  located.  Places  suitable  for  borings,  at  public 
expense,  ought  to  be  intelligently  selected,  without  any 
regard  to  the  interests  of  localities,  and  the  State  ought  not 
to  be  committed  to  unwise  expenditures  by  the  precipitate 
and  ill-advised  enterprise  of  smart  business  places. 

Lest  this  remark,  however,  should  be  thought  to  apply 
too  severoly  to  Belle  Plaine,  I  ought  to  add  that  considerable 
reason  existed  for  boring  at  that  place — though  by  no  means 
as  good  reason  as  many  supposed.  The  (ault  committed 
here,  as  in  so  many  other  cases,  was  an  attempt  to  proceed 
independently  of  geological  knowledge  in  the  beginning* 
and  to  call  for  scientific  aid,  not  so  much  to  guide  an  impor- 
tant enterprise,  as  to  help  it  out  of  d]£Bculty. 
Very  respectfully, 

A.  WINCHELL. 

(c)    Ifbtes  and  Report  ofN.  H.  Winchell. 

In  February,  1878,  the  writer  had  occasion  to  further  ex* 
amine  this  well,  under  verbal  instructions  from  Gov.  Austin* 
Samples  preserved  by  the  owners  from  below  the  depth  of 
411  feet,  were  found  to  have  the  following  external  charac- 
ters. The  memorandum  is  here  given,  as  well  as  the  report 
subsequently  made  to  Gov*  Austin,  in  order  to  preserve  to 
science  the  record  of  the  drill,  and  to  complete  the  history 
of  the  exploration : 

At  420  ft.— Ferruginous  quartzite,  with  a  considerable  admixture  of  light- 
colored,  softer,  apparently  talcose  fragments.  The  quartzite 
is  hard,  and  very  impure.  The  talcose  fragments  are  either 
nearly  white  or  speckled  with  rusty  and  black  spots.  There 
are  also  in  the  drillings  pieces  of  calcite,  a  soft,  greeni^ 
substance  that  may  be  silicate  of  iron,  and  occasional  firag- 
ments  of  translucent  quartz,  either  white  or  slightly  tinted 
with  yellow  or  with  green. 

At  480  ft.— A  mixture  of  dark  brown  or  reddish  silicates,  strongly  ferra* 
ginous,  with  slight  traces  of  mica  and  some  pieces  of  calcite. 
Some  of  it  appears  conglomeritic,  or  tnfaceous.  It  is  slight- 
ly  unctuous  in  the  fingers,  and  some  of  it  is  real  iron  ore. 
The  light-colored  pieces  of  the  last  (420  feet)  are  rarely  seen. 
There  are  in  it  occasionrl  greenish  pieces  of  quartz.  It  is 
evidently  a  metamorphosed  sedimentary  rock. 
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At  440  ft^A  ferroginoiifl,  iiDctnons  shale,  with  yery  little  grit.  It  some- 
times Is  spotted  with  a  white  substance  abont  as  hard  as 
talc,  which  has  a  greasy  feel.  This  white  sabstance  seems 
to  be  the  same  as  mentioned  in  the  foregoing.  It  is  some* 
times  minutely  disseminated  among  the  fermglnous  portions. 
When  then  mbbed  in  the  fingers,  a  msty  or  irony  stain  cov- 
ers the  whole.  Some  of  this  is  plainly  siliceoas  and  mica* 
eeoQs. 

At  400  ft— AboQt  the  same  as  at  480  ft  bnt  darlcer  colored  and  less  firm 
in  the  fingers.    It  is  plainly  micaceous. 

At  460  it— Dark  greenish-brown,  micaceous  silicates ;  hard  and  compact 
Not  evidently  onctuous.    No  feldspar  is  discernible. 

At  470  it— A  talcose,  fermginous  shale,  of  a  reddish-brown  color,  with 
occasional  pieces  of  greenish  silicates.  In  this  lot  there  are 
also  several  pieces  of  evident  flesh-colored  feldspar. 

At  480  it— A  mixture  of  rermginous  silicates  with  some  mica  and  talc 
and  calcite;  with  occasional  pieces  also  of  the  soft,  greenish 
substance  mentioned  at  430  feet.  The  last  is  8oA;erthan 
calcite.  The  general  color  of  the  whole  is  dark  red  or 
brown. 

At  490  it— The  same  as  at  480  feet. 

At  500  it— The  same  as  at  480  feet 

At  510  it— The  same  as  at  480  feet,  but  more  iHable,  apparently,  as  the 
sample  is  in  the  form  of  sand.  There  are  also  in  this  lot 
several  large  iyagments  of  fermginous  shale,  which  have  a 
greasy  feel,  probably  broken  from  the  overlying  beds  by  the 
bucket  and  brought  up  with  the  drillings. 

At  520  it.— A  very  dark,  ferruginous  mixture  of  the  various  silicates, 
including  the  light  green  soit  substance,  resembling  silicate 
of  iron.    This  last  also  resembles  talc,  and  is  as  soit. 

At  580  it— A  red  arenaceous  shale,  with  some  talc  and  calcite,  and  also 
fragments  of  flesh-colored  feldspar. 

At  540  it— The  same  as  at  580  feet. 

At  550  it— Fragments  of  dark  red,  coarse  shale,  like  the  last,  and  of  a 
darker  slightly  greenish  shale,  that  appears  as  if  originally 
amygdaloidal,  the  cavities  having  been  subsequently  filled  by 
the  soft  green  substance  mentioned  at  520  ft.  This  latter 
mass  is  sometimes  closely  mixed  with  small  geodes  with 
rusty  exterior. 

At  570  it— A  dark  brown  shale,  like  the  dark  shale  in  the  last,  closely 
mingled  with  the  soit,  greenish  (silicate  of  iron?) 

At  580  it— The  same  as  at  570  feet. 

At  590  it— The  same  as  at  570  feet,  but  suowiug  a  little  more  red,  and 
also  evident  pieces  of  calcite. 

At  600  it— The  same  as  at  590  leet,  but  with  increasing  quantities  of  the 
greenish,  soft  substance. 

At  614  to  620  it.— A  mixture  of  the  various  silicates  with  considerable 
iron,  the  quartzitic  characters  being  much  more  evident  than 
at  570  feet.    It  is  also  firmer— hardly  a  shale. 

At  620  it— The  same  as  the  last 

The  well  is  said  to  be  710  feet  in  depth,  and  the  opinion 
is  prevalent  that  there  was  no  change  from  620  feet  to  that 
depth.  As  there  are  no  preserved  samples  below  620  feet, 
it  18  also  probable  that  there  was  no  marked  change  in  the 
rock.  If  that  be  correct,  it  gives  a  thickness  of  292  feet  of 
rock,  which  may  all  be  classed  as  a  siliceous,  unctuoua 
shale,  highly  ferruginous,  and  sometimes  amygdaloidal,  v»- 
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rying  to  a  mioaoeous  quartzite.  It  seems  to  be  a  metamor- 
phosed sedimentary  rock,  lying  below  both  the  St.  Croix 
Sandstone  and  the  Potsdam  Sandstone. 

Onithe  basis  of  these  notes  was  made  the  following  re- 
port: 


BEPOnT  TO  GOyEBNOB  AUSTIN. 

The  UNiYEBSirr  of  Minnesota, 

St.  Anthont,  Mink. 

8th  Feb.  1873 

Oav.  Hnraoe  Austin^  8t.  PauU  Minn. : 


173.  > 


According  to  verbal  instructions  from  you,  given  on  the 
£th  instant,  I  proceeded  yesterday  to  Belle  Plaine,  for  the 
purpose  of  making  examination  of  the  premises  and  the  pre- 
flerved  samples  of  the  drillings  from  the  well  sunk  at  that 
place,  for  testing  the  rocks  for  brine.  The  object  of  my 
visit  was  to  ascertain  the  propriety  of  further  expenditure 
by  the  State  at  that  point,  either  for  the  purpose  of  proving 
the  rock  further  for  brine,  or  for  purely  scientific  results. 

I  did  not  enter  into  a  careful  examination  of  the  derrick 
and  machinery,  but  suppose  them  to  be,  as  represented,  in 
perfect  order,  and  ready  for  operation  at  any  time.  The 
springs  that  are  said  to  be  briny  are  situated  near  the 
drilled  well.  I  obtained  a  sample  of  the  water  for  analysis. 
To  the  taste  it  does  not  show  brine,  but  a  careful  examina- 
tion may  prove  it  to  hold  a  small  amount  of  salt.*  These 
springs  issue  from  the  base  of  the  drift  bluffs  that  enclose 
the  river  valley,  and,  according  to  all  the  information  I 
iDOuld  gather,  are  dependent  altogether  on  the  surface  de- 
posits for  their  supply.  The  owners  of  the  well  also  say 
they  have  met  no  indications  of  brine  in  the  well  since  they 
struck  the  rock,  but  that  at  varying  depths  in  the  drift  ma- 
terials, the  water  pumped  out  showed  more  or  less  saline 
property.  The  drift  materials  are  said  to  have  proved  to  be 
there  216  feet  in  thickness. 

The  preserved  drillings  which  I  examined  pertain  to  that 
part  of  the  well  below  420  feet,  and  I  can  report  only  on 
that  portion  of  the  well.  They  extend  moreover  only  to  the 
depth  of  620  feet.  The  well  is  said  to  be  710  feet  deep. 
Without  entering  into  details  as  to  the  character  of  those 
drillings,  a  matter  that  will  find  place  in  my  next  annual 

P  See  the  report  of  Prof.  Peckham. 
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report,  I  may  say  that  they  consist  in  general  of  a  sili« 
ceons,  apparently  talcose,  shale,  varying  to  a  micaceoua 
qnartzite.  It  seems  the  whole  thickness  covered  by  the 
drillings  I  saw,  is  taken  up  with  a  metamorphosed  sedi- 
mentary rock  that  lies  below  the  St.  Croix  Sandstone,  and 
also  probably  below  the  Potsdam  Sandstone.  Hence  the 
bottom  of  the  well  is  in  the  Huronian  slates  and  schists,  but 
has  not  yet  struck  the  granite.  In  this  statement  it  is  pre- 
Bumed  that  the  interval  unrepresented  by  drillings  (from 
620  feet  to  710  feet)  is  filled  up,  according  to  the  opinion 
of  the  owners,  by  the  same  general  class  of  rocks.  I  have 
DO  hesitation  in  saying  that  in  the  rocks  of  that  age  there  is 
almost  a  certainty  that  no  salt  would  be  obtained^  and  that  no 
lower  formation  toould  offer  better  inducement  to  sink  the  well 
deeper. 

The  only  other  reason  for  sinking  the  well  deeper  is  on 
purely  scientific  grounds,  viz. :  to  ascertain  the  character  of 
the  rock  below  the  present  bottom  of  the  well.  , 

In  respect  to  this  I  wish  to  say : 

First. — The  well  is  not  located  where  the  most  light 
could  be  thrown  on  the  geology  of  the  state  by  such  an 
exploration.  There  are  vast  districts  where  even  the 
nature  of  the  outcropping  rock  at  the  surface  is  unknown^ 
to  say  nothing  of  those  that  succeed  it  in  descending  order. 
The  geology  of  the  vicinity  of  Belle  Plaine  is  pretty  well 
made  out,  especially  in  the  light  of  the  developments  of 
this  well. 

Second. — The  rocks  that  would  succeed  that  in  which  the 
drill  stopped  would  be  best  examined  where  they  are  abun- 
dantly exposed  at  the  surface.  They  belong  to  the  class  of 
''granitic  and  metamorphic''  rocks,  colored  on  my  prelim- 
inary geological  map  of  the  state,  and  our  knowledge  of 
them  is  at  present  so  limited,  that  before  their  natural  out^ 
crops  are  examined  carefully,  it  is  not  certain  that  we 
should  derive  satisfactory  and  useful  information  of  their 
nature,  by  sinking  a  drilled  well  through  them,  or  into 
them.  They  are  the  rocks,  moreover,  that  are  least  likely 
to  need  such  exploration,  on  account  of  their  being  exten- 
Bively  tilted  and  broken  by  early  volcanic  forces  so  as  to 
expose  their  thickness^and  contents  to  the  inspection  of  the 


Third. — ^It  cannot  be  denied  that  the  science  of  geology 
might  be  considerably  advanced  by  sinking  this  well  deeper^ 
presuming  all  the  time  that  careful  records  be  kept  and 
samples  l^  submitted  to  a  geologist  for  examination.     It  if 
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at  the  same  time  certain  that  no  important  question,  invol- 
▼ing  the  geology  ot  the  state,  is  pending  on  what  might  be 
developed. 

The  question  may  arise— if  there  is  salt  in  the  water  at 
Belle  Plaine,  what  is  its  source,  and  can  it  be  made  usefal? 
If  there  be  salt  in  the  spring  water  there,  it  must  issue 
from  some  part  of  the  drift.  It  may  be  derived  at  first 
from  some  of  the  underlying  formations,  as  the  St.  Croix 
Sandstone,  or  the  Lower  Magnesian  Limestone,  or  it  may 
come  from  the  Cretaceous,  which  lies  in  many  places  uncon- 
formably  on  all  the  older  rocks,  but  is  generally  deeply 
covered  by  drift.  In  either  of  these  cases  it  would  be  best 
and  soonest  developed  by  drilling  at  some  point  east  of 
Belle  Plaino,  say  fifteen  miles,  as  the  rocks  dip  in  that 
direction.  The  annexed  diagram  illustrates,  the  situation 
of  the  well  drilled,  in  respect  to  the  rocks,  and  shows  the 
positions  of  the  formations  and  their  dip.  None  of  these 
formations,  however,  are  known  to  contain  brine  ia  this 
country,  if  we  except  doubtfully  the  Cretaceous,  while  yet 
it  is  theoretically  true  that  any  sedimentary  formation,  if 
porous,  may  hold  brine,  if  so  shaped  that  it  has  not  drained 
out. 

PIAOBAM  OF  THE   OEOLOOIOAL  RELATIONS   OF  THE  BBIXS 
PLAINS  SALT  WELLS. 


No.  1.— Drift.  No.  8.— Low.  MijniMian.  No.  6«— Potsdam  Bandstone. 

No.  S— 0retac«ou8.     No.  4.  St.  Croix  Sandstone.       No.  6.— Metamorphic  and  Granitis 

In  conclusion,  I  am  at  present  of  the  opinion  that  if  there 
be  salt  in  the  springs  at  Belle  Plaine,  it  is  derived  from  the 
Cretaceous  rocks,  but  manifests  itself  in  the  drift  at  the  base 
of  the  river  bluffs,  because  the  surface  drainage  is  in  that 
direction,  there  being  a  slow  but  constant  loss  of  brine  by 
that  means.    This  subject  ought  to  have  early  attention. 
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I  wish  to  call  your  attention  to  the  necessity  of  combin- 
iDg  the  records  and  minutes  made  prior  to  the  depth  of  420 
feet,  with  those  I  have  made  on  the  drillings  below  480  feet» 
80  that  the  whole  be  preserved  to  science.  The  owners 
think  those  samples  were  forwarded  by  you  to  Ann  Arbor  i 
Michigan,  and  that  a  letter  from  my  brother  to  you  has 
some  mention  of  them.* 

Very  respectfully, 

N.  H.  WINCHELL. 

Ths  Universitt  of  Minnesota,  ) 
February  16,  1874,         J 

Prof.  N.  H.  Winchell: 

My  Dear  Sib  : — In  answer  to  your  enquiry  in  reference 
to  the  progress  of  the  analysis  of  the  Belle  Plaine  water,  I 
baye  to  report,  that  while  the  work  is  not  yet  completed, 
enough  has  been  done  to  show  that  it  contains  only  a  small 
proportion  of  chlorides  ol  any  kindi  and  also  to  justify  the 
statement  that  the  brine  belongs  to  the  class  of  <<  bitter 
brines,"  containing  more  sulphates  than  chlorides,  and  a 
larger  proportion  of  alkaline  earths  (lime  and  magnesia) 
than  alkalies  (soda  and  potash. )  I  have  found  nothing  as  yet 
in  my  examination  of  this  mineral  water  to  justify  the  ex- 
pectation that  it  can  be  made  of  any  commercial  value  as  a 
source  of  common  salt. 

Very  truly  yours, 

S.  P,  PECKHAM, 
Chem.  Geol.  Survey,  Minnesota* 

*  ThiB  letter  hfts  Already  iMen  given—See  p.  8a. 
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PEAT. 


(a)     J\reed  ofFuel—Objed^  of  the  Feat  Survey. 

The  absence  of  wood  and  coal  from  a  large  part  of  the 
Bellied  portions  of  the  State,  and  the  consequent  high  price 
of  fuel  for  domestic  use,  induced  the  last  Legislature  to  in- 
sert a  clause  in  the  *<  act  to  aid  the  Geological  and  Natural 
History  Survey,''  requiring  the  immediate  survey  of  the 
peat  deposits  of  the  State,  a  report  on  the  same  to  be  made 
to  the  Legislature  as  soon  as  practicable.  In  that  way 
it  was  hoped  that  a  good  fuel  might  be  obtained,  practicable 
for  all  the  common  uses  of  the  settler ;  apd  that  a  great 
many  of  the  hardships  of  the  first  settlers  ot  the  prairies  of 
the  State  would  thus  be  relieved.  While  this  law  was  not 
intended  to  work  a  suspension  of  the  other  geological  inves- 
tigations required  by  the  general  law  creating  the  survey, 
its  immediate  and  practical  importance  has  nevertheless  con- 
trolled the  course  taken  in  the  rovtes  of  exploration,  and 
absorbed  much  of  the  time  throughout  the  whole  season. 

Allied  to  the  subject  of  peat  is  that  of  coal.  It  waa 
deemed  best  that  the  two  should  be  prosecuted  together,  es- 
pecially as  the  locality  ot  the  rumored  coal  exposures  coin- 
cided with  that  of  the  greatest  need  for  fuel,  and  again  with 
that  in  which  peat  was  supposed  to  exist.  The  southwestern 
quarter  of  the  State,  including  the  Minnesota  valley  and 
those  of  some  ot  its  tributaries,  have  occupied  the  principal 
part  of  the  season.  In  addition  to  these  explorations,  the 
counties  of  Cottonwood,  Jackson  and  Nobles  have  been 
pretty  thoroughly  surveyed  for  peat.  The  northeastern 
portion  of  Jackson  and  the  northwestern  portion  of  Cotton- 
wood should  be  further  examined.  The  question  of  the 
occurrence  of  coal,  and  its  origin  and  nature,  is  mentioned 
under  the  head  of  *<  The  Economical  Geology  of  the  Min- 
nesota Valley." 
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(b)     The  Varieties  of  Ptat. 

In  order  to  a  perfect  understandiDg  of  that  which  follows, 
it  will  be  well  to  mention  the  different  varieties  of  peat, 
briefly  describing  the  nature  and  habitat  of  each,  and  the 
terms  by  which  they  will  be  desigtiated.  The  different 
products  of  a  vegetable  nature  tidat  l^ve  attracted  attention 
under  the  general  termp^a^,  and  have  served  to  some  extent 
for  fuel  in  the  State,  may  be  classified  as  follows : 

1.  Slough  peat. 

2.  Side-hill  peat. 

3.  Turf-peat. 

4.  Turf. 

Only  to  the  fiist  two  of  these  is  the  term  <<peat"  properly 
applied,  yet  among  the  common  people  they  are  all  fre- 
quently embraced  under  that  term. 

1.  Shugk  Peat 9  is  that  which  is  found  in  low  ground, 
occupying  the  lowest  spots  in  old  drainage  courses  which 
ire  now  either  entirely  destitute  of  currents  of  running 
water,  or  are  only  filled  in  the  wet  seasons  of  the  year,  or 
occurring  in  the  depressions  among  the  drift  hills  or  knolls, 
the  slow  drainage  from  which  prevents  the  accumulating 
water  from  standing  for  too  great  a  length  of  time  above 
the  usual  level.  In  southwestern  Minnesota  such  peat  must 
be  80  situated  also  that  the  slough  which  holds  it  never 
becomes  dry,  else  the  prairie  fires  will  certainly  consume 
it.  Hence,  the  necessity  of  constant  springs  of  water  to 
8a)pply  the  slough  in  the  dry  months  of  the  year.  This 
again  implies  that  the  surface  of  the  country  must  be 
rolling,  at  least  that  some  bluffs  of  drift  gravel  must  He 
adjacent  to  the  slough  to  give  origin  to  springs  of  water. 
These  springs  are  very  often  invisible.  Their  existence  may 
be  known,  however,  by  the  standing  of  the  water  of  the  slough 
at  the  same  level,  even  in  the  dry  est  seasons.  In  case  such 
peat  lies  in  an  old  drainage  course  which  shows  no  great 
flow  of  water  in  the  dry  season,  the  low  spots  containing 
it  are  still  supplied  with  water  enough  to  preserve  the  peat, 
by  the  slow,  invisible,  underground  drainage  pertaining  to 
the  valley.     These  correspond  to  the  German  Wiesenmoore. 

The  primary  and  essential  ingredient  that  goes  to  form 
this  kind  of  peat  is  a  fine  moss  that  grows  over  the  surface 
of  the  bog,  among  the  coarse  stalks  of  other  vegetation, 
such  as  grassei  or  rushes,  making  a  handsome  green  sur- 
face. At  a 'distance  this  moss  cannot  generally  be  seen.  It 
is  hid  by  the   coarser  vegetation.     Besides  this  moss,  the 

12 
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roots  and  decaying  stems  of  the  grasses  and  other  aqaatic 
plants  that  may  grow  in  the  slough,  also  aid  in  the  peaty 
accumulation.  This  moss  is  Sphagnum  palustre^*  and  the 
aquatic  plants  that  accompany  and  hide  it  are  bulrush 
(JSc%rpu8)^  scouring  rush  {Equisetum)  ^  2^  short  ** blue-joint'* 
grass,  and  occa£iionally  the  cat-tail  (Typha  UUifolia) ^  and 
species  of  Polygonum^  and  some  others. 

There  is,  besides  the  typical  moss  peat  of  the  sloughs,  a 
pulpy  deposit  in  the  bottoms  of  mafay  small  lakes  and  ponds 
derived  from  the  coarse  grasses  and  sedges  that  grow  about 
their  margins,  which  consists  principally  of  vegetable  mat- 
ter, and  if  treated  properly  will  make  a  useful  fuel.  It  is 
in  the  form  of  a  fine  silt,  and  is  usually  too  limited  in  quan- 
tity, and  too  impure  in  quality  to  be  very  valuable.  It  is 
apt  to  be  most  abundant  on  the  leeward  side  of  the  lake, 
where  the  prevailing  winds  have  driven  it,  and  the  waves 
have  beaten  and  broken  it.  This  corresponds  to  the 
SchlammtorJ  of  Holland. 

2.  jSide-hill  Peat. — This  is  formed  on  the  side  of  a 
gentle  declivity  where  springs  of  water  furnish  the  neces- 
sary constant  moisture.  It  is  apt  to  accompany  those 
springs  that  lie  in  belts,  marking  the  outcropping  up- 
per edges  of  shale  beds  or  other  impervious  rock.  It  is 
composed  of  the  same  materials  as  slough  peat,  but  is  more 
liable  to  bo  impure,  from  the  sand  and  dust  that  are  car- 
ried upon  it  by  the  high  winds  of  the  plains.  *  Such  peat 
may  accumulate  to  the  depth  of  six  or  eight  feet.  It  is  far 
less  common  in  southwestern  Minnesota  than  slough  peat. 
It  requires  also  a  rolling  surface  that  may  give  rise  to  un- 
failing springs*  Many  springy  side-hills  that  in  a  moister 
climate  would  become  peat-bearing,  dry  up  in  summer  to 
such  an  extent,  in  southwestern  Minnesota,  that  no  aquatic 
plants  can  survive,  and  no  peat  can  be  formed  on  them. 

3.  Turf'Peat, — This  is  formed  of  the  roots  and  fallen 
stalks  and  blades  of  the  rank  grasses  and  sedges  that  grow 
in  the  shallow  sloughs,  or  about  their  margins,  in  situations 
moist  enough  to  resist  the  prairie  fires.  It  is  found  some- 
times on  a  side  hill  or  in  a  narrow  ravine  or  inclined  slough 
through  which  there  is  a  slow  seepage  of  water.  It  is  al- 
ways more  impure  than  the  foregoing  varieties,  and  becomes 
mixed  with  sand  and  black  mud  below  the  depth  of  12  or 
18  inches,  so  as  to  render  it  unfit  for  use.  It  is  always 
fibrous  and  conveniently  handled.     Owing  td  its  being  so 

•  Thli  to  the  oommon  term.    Dr.  0.  At  White  hu,  howerer,  giren  the  name  Hypmum 
adWMwn  to  the  peat  moei  of  lowe. 
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hard  as  to  support  the  weight  of  a  man,  or  often  of  a  team, 
in  the  dry  months  of  the  year,  its  accessibility  and  the  ease 
of  taking  it  out  by  simple  means,  it  is  probably  the  most 
useful  variety  of  peat  to  the  farmers  of  southwcbtern  Min- 
nesota. It  is  also  the  most  common.  In  very  dry  seasons 
the  fires  get  into  this  turf-peat  and  consume  vast  quantities, 
burning  for  several  weeks,  or  even  till  mid- winter.  It  is 
invariably  found  about  the  margins  of  the  little  depressions 
in  the  general  prairie  which  contain  water  in  the  spring  of 
the  year,  but  become  nearly  or  quite  dry  in  the  summer. 
The  peat  itself  is  annually  submerged  for  several  weeks  in 
the  spring.  It  lies  on  a  hard  and  impervious  drift  clay, 
which  is  generally  very  fine,  and  blackened  to  the  depth  of 
afoot  or  more  by  the  charred  vegetation  of  many  genera- 
tions. 

4.  Turf. — ^This  is  the  common  sod  of  the  prairie.  It 
passes  into  the  last.  It  is  made  of  the  prairie  grass  roots, 
and  those  of  other  vegetation  that  may  grow  there.  In  dry 
Bloughs,  that  furnish  a  fine  growth  of  hay  annually,  it  is 
sometimes  fit  for  fuel,  but  it  rarely  becomes  thick  enough 
to  make  it  of  much  use  for  that  purpose.  It  always  con- 
tains considerable  sand  and  clay. 

(c)     Tke  Quality  qf  Minnesota  Peats. 

There  is  nothing  in  Minnesota,  so  far  as  yet  discovered, 
that  answers  to  the  extensive  moors  or  heathers  of  the 
moist  climates  of  Ireland,  Holland  and  North  Germany. 
They  occur  on  the  northeast  coast  of  North  America,  in 
Labrador,  Newfoundland  and  Anticosti,  where  the  sum- 
mers are  not  so  excessively  warm,  and  where  frequent  fogs 
give  the  atmosphere  that  state  of  moisture  which  the  peat 
mosses  require.  Along  the  low  lands  on  the  south  coast 
of  Anticosti  <*a  continuous  plain  covered  with  peat, ex- 
tends for  upwards  of  eighty  miles  with  an  average  breadth 
of  two  miles;  thus  giving  a  superficies  of  more  than  a 
hundred  and  sixty  square  miles.''*  It  has  a  thickness  of 
three  to  ten  feet.  In  the  wooded  portions  of  the  State  the 
peat  deposits  are  likely  to  be  made  up  of  more  or  less  coarse 
vegetation,  such  as  deciduous  leaves,  and  the  stems  and 
roots  of  various  ericaceous  plants.  In  the  extensive  peat 
deposits  of  the  old  world  the  vegetable  fiber  is  entirely  de- 
stroyed below  a  depth  of  ten  or  fifteen  feet,  and  the  peat 
has  a  compact,  earthy  texture,  and  ^a  black  or  brown  color. 

*  Geology  of  Canada,  1868. 
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I  ■ 

< 

J  The  peat  deposits  of  Minnesota  are,  so  far  as  known,  too 

i  shallow  to  exhibit  this  perfect  decomposition,  and  hence, 

they  are  generally  distinctly  fibrous  from  top  to  bottom. 
^  In  the  lower  portions  of  the  deep  peat  bogs  of  Ireland  the 

^  per  cent,  of  ash  is  much  greater  tiian  near  the  surface,  reach- 

^  ing  sometimes  as  high  as  nineteen  per  cent,  those  portions 

g  near  the  surface,  which  contain  the  vegetable  matter  but 

«  little  altered,  affording  but  one  and  a  half  per  cent*    Thus, 

{  while  the  density  of  peat,  and  hence  its  usefulness  for  domes- 

i  tic  fuel,  are  enhanced  by  the  greater  depth,  its  combusti- 

I  bility  and  its  purity  are  diminished.    The  superficial  layers 

have  nearly  the  same  composition  as  wood.  The  foriega 
substances,  that  constitute  the  ash  of  the  lower  portions,  are 
lime,  silica,  iron  and  clay.  The  lime  is  derived  from  the 
small  shells  that  often  inhabit  the  bog,  and  which  sometimes 
are  so  abundant  as  to  have  caused,  by  their  accumulation,  a 
bed  of  shell-marl  at  the  bottom  of  the  lake  before  the  growth 
of  the  peat  mosses  filled  it.  Such  shell-marl  beds  often 
occur  at  the  bottom  of  peat  bogs.  Silica  may  have  entered 
the  growing  peat  by  being  blown  on  in  the  form  of  sand,  or 
washed  in  by  freshet  rains  from  the  adjoining  hills.  Iron 
is  found  in  nearly  all  water  in  its  natural  state.  As  a  car- 
bonate it  may  be  carried  in  solution  by  spring  water  issuing 
from  ferriferous  gravel  or  sand.  On  exposure  to  the  air  it 
is  converted  to  ahydrated  peroxyd,  which  is  precipitated  as 
a  red  film  on  all  substances.  If  long  continued  it  would 
thus  form  a  bog  ore,  or  brown  hsBmatite.  It  would  descend 
by  its  specific  gravity  to  the  bottom  of  the  peat  bog.  The 
clay  that  makes  a  part  of  the  ash  of  peat  is  a  composite  sub- 
stance. Its  chiei  ingredient  is  alumina.  It  may  also  be 
carried  into  the  bog  by  small  streams  so  as  to  mingle  with 
other  impurities  in  the  greatest  proportion  at  the  bottom. 
By  reference  to  the  accompanying  chemical  analyses,  per- 
formed by  Dr.  P.  B.  Bose,  of  Ann  Arbor,  Mich.,  and  by 
Prof.  S.  F.  Peckham,  chemist  of  the  survey,  it  will  be  seen 
that  a  great  diversity  exists  in  the  qualities  of  the  samples 
of  peat  from  Minnesota,  but  that  they  compare  favorably 
with  peats  analyzed  from  Iowa,  Connecticut,  or  even  the 
famous  Irish  peat. 

(d)     Feat  Analyses  by  Dr.  Rose. 

Of  the  peats  analyzed  by  Dr.  Bose,  the  samples  num- 
bered 1  and  2  were  procured  and  furnished  the  survey  by 
Dr.  C.  D.  Williams,  of  St.  Paul.    No.  3  was  furnished  from 
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the  manufactory  by  W.  Z.  Haight.  No.  4  was  obtained 
bj  the  survey,  and  is  named  in  the  section  describing  it, 
"Peaty,  Lake  Sediment/'  No.  5  is  properly  not  a  peat, 
but  a  turf-peat,  as  defined  on  page  90.  No.  6  is  a  fair 
sample  of  raw  peat,  from  Wells,  in  Faribault  county,  ob» 
tained  by  the  survey.  The  corresponding  serial  numbers  in 
the  records  of  the  survey,  run  from  5  to  10  inclusive. 

Prof.  N.  H.    Winchell,  State  Geologist  of  Minnesota,  St. 
Anthony  Falls,  Minn. : 

DsAB  Sib  : — ^The  six  samples  of  peat  furnished  me  by 
express,  and  marked  as  follows : — 

Ho.  1— Schmidt's  land,  St.  Panl— taken  out  eight  feot  below^the  snrfkce; 

No.  2— Schmidt's  land,  St.  Paul—two  feet  below  the  snrfiice; 

No.  3— Manafactared  peat,  from  WeUs ; 

No.  4— Lake  EmUy,  near  St.  Peter ; 

No.  6— Empire  City; 

No.  6— From  Wells,  not  manafkctured ;— 

have  each  been  submitted  to  an  analysis,  with  the  following 
results :     100  parts  of  the  air-dry  peat  contain  -^ 


Organic 
Matter. 


Peat  No.  1  (Serial  No.  6).. 
Peat  No.  2  ^^  Serial  No.  6).. 
Peat  No.  8  (Serial  No.  1) . . 
PettNo.  4  (Serial  No.  8).. 
Peat  No.  5  (Serial  No.  9) . . 
Peat  No.  erSerial  No.  10). 


Hygro- 

scopic 

Ash. 

Water. 

18.75 

12.78 

12.66 

21.67 

14.00 

18.17 

9.88 

67.17 

8.83 

77.86 

16.96 

18.17 

78.62 
66.68 
67.88 
28.00 
18.82 
66.88 


The  ashy  or  inorganic  matter,  varying  greatly  in  quantity, 
was  still  further  subjected  to  analysis,  with  the  subjoined 
result : — 


Peat  Ash. 


Sttlca 

Potassa 

Soda 

Lime 

Magnesia. 

Iron  and  Alamina 
Salpharic  Acid. . . 
Caximnic  Acid  . . . . 
Phosphoric  Acid. 
CliloriBe 


No.  1.      No.  2.      No.  8.      No.  4.      No.  6.      No.  6. 


49.09 

.68 

.87 

13.87 

8.01 

14.92 

8.28 

10.27 

Trace. 


66.89 

.67 

.81 

10.60 

2.24 

6.81 

8.84 

697 

Trace. 


100.89        99.78 


68.81 

.41 

.18 

14.18 

2.90 

10.21 

2.11 

11.68 


Trace. 


99.70 


88.96 
.12 
.11 

1.48 
.82 

7.04 
.12 

1.82 


100.70 


69.87 

.14 

.08 

18.10 

1.41 

6.68 

.14 

14.12 


99.94 


61.83 

.66 

.28 

12.44 

2.48 

9.71 

2.87 

10*69 


Trace. 


99.96 
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The  following  is  the  elementary  analysis  ot  the  organic 
matter : — 


Per  100  of  the  Organic 
Matter. 

Per  100  of  the  Original 
Air-dry  Peat. 

Carbon. 

Hydro- 
gen. 

Oxygen 
&  Nitro- 
gen. 

Carbon. 

Hydro- 
gen. 

Oxygen 
&  Nitro- 
gen. 

Peat  No.  1 

Peat  No.  2 

Peat  No.  8 

PeatNo.4 

PeatNo.6 

Peat  No.  6 

63.06 
52.23 
52.02 
48.66 
46.58 
61.94 

6.19 
6.11 
6.68 
9.78 
10.61 
6.17 

40.75 
41.67 
41.80 
41.61 
42.91 
41.89 

89.03 
84.80 
35.80 
11.19 
6.44 
84.22 

4.66 
4.01 
4.64 
2.24 
145 
4.06 

29.93 
27.87 
27.99 
9.57 
5.98 
27.60 

The  composition  of  the  above  samples  of  peat  compared 
with  that  of  hard  wood  is  as  follows  : 


Water. 


Wood 

Peat  No.  r 
Peat  No.  2 
Peat  No.  8 
Peat  No.  4 
Peat  No.  6 
Peat  No.  6. 


Oxygen 

Carbon. 

Hydrogen. 

and 

Ash. 

Nitrogen. 

• 

89.6 

4.8 

84.8 

0.8 

89.03 

4.56 

29.98 

12.78 

84.30 

4.01 

27.87 

21.67 

85.80 

4.64 

27.99 

18.17 

11.19 

2.24 

9.67 

67.17 

6.44 

1.46 

6.93 

77.85 

84.22 

4.06 

27.60 

18.17 

20.0 
18.76 
12.65 
14.00 
9.83 
8.83 
16.95 


The  heating  power  of  each  of  the  six  samples  of  peat,  as 
compared  with  an  equal  weight  of  air-dry  oak  wood,  is 
based  on  the  amount  of  oxygen  required  for  complete  com- 
bustion, or  by  the  number  of  pounds  of  water  raised  from 
82°  to  212°  F. 


100  lbs.  of  the  air-dry  peat  No.  1  = 
100  lbs.  of  the  air-dry  peat  No.  2  = 
100  lbs.  of  the  air-dry  peat  No.  8 « 
100  lbs.  of  the  air-dry  peat  No.  4  - 
100  lbs.  of  the  air-dry  peat  No.  6  •• 
100  lbs.  of  the  air-dry  peat  No.  6  - 


■'  104.2  lt>s.  of  oak  wood. 

94.7  lbs.  of  oak  wood. 

98.1  lbs.  of  oak  wood. 
•  34.4  lbs.  of  oak  wood. 
'  16.9  lbs.  of  oak  wood. 
'-   89.6  lbs.  of  oak  wood. 


All  of  which  is  most  respectfully  submitted* 

P.  B.  ROSE, 
Asst.  in  Chemistry,  University  of  Michigan. 
Chemical  Laboratory,  University  of  Mich«,  Nov.  22, 1873. 
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(e)  Peat  Analyses  by  Prof.  Peckham. 
Prof.  N.  H.  WincheU^  State  Geologist  of  Minnesota: 

Mr  Deab  Sib  : — ^The  iollowing  is  a  report  of  the  chemi- 
cal investigations  conducted  in  accordance  with  your  sug- 
gestions for  the  Geological  Survey  of  Minnesota : 

I  desire  to  state  that  when  I  assumed  the  duties  of  Chemist 
to  the  Geological  Survey  last  August,  I  found  absolutely 
nothing  in  the  University  laboratory  in  preparation  for 
special  investigations  of  the  nature  of  those  I  was  about  to 
undertake.  The  room  in  which  I  have  worked  had  to  be 
fitted  up.  Much  of  the  apparatus  used  had  to  be  procured 
from  New  Yorft.  All  my  solutions  of  reagents  had  to  be 
prepared,  as  well  as  many  of  the  reagents  themselves.  In 
fact  I  began  at  the  beginning  and  fitted  up  my  laboratory 
before  doing  any  of  the  work  at  hand.  I  have  also  dis- 
charged at  the  same  time  the  duties  of  a  full  professorship 
in  the  University,  and  have  consequently  only  been  able  to 
give  the  work  of  the  survey  the  second  place. 

Jfo.  1.  Tripoli. — ^You  have  placed  in  my  hands  for  exami- 
nation a  specimen  of  Tripoli,  or  very  fine  grained,  fria- 
ble sandstone,  of  which  25.15  per  cent,  was  found  to  be 
Bolablo  in  boiling  concentrated  bydrochlorig  acid.  The 
remaining  74.85  per  cent,  consisted  of  microscopic,  appa- 
rently angular  fragments  of  white  quartz.  The  soluble  por- 
tion consisted  chiefly  of  Ferric  oxide  (Fe,  Os)  and  a  smaller 
portion  of  the  carbonates  of  lime  and  magnesia,  of  which 
quantitative  determinations  were  not  made. 

"4."  Clippings  of  Native  Copper. — A  specimen  which  I 
have  marked  A,  of  which  I  have  made  the  following  record : 
A  letter  was  handed  me  addressed  to  Prof.  Winchell  by  B. 
S.  Russell,  of  Pleasant  Grove,  Olmsted  Co.,  Minn.,  con- 
taining an  enclosure  of  minute  fragments  or  clippings  of 
what  appeared  to  be  native  copper.  *<Found  on  the  south 
bank  of  Boot  River  in  the  neighborhood  of  green  shale  *  * 
imbedded  in  loose  rock  found  on  the  surface.'' 

Completely  soluble  in  dilute  nitric  acid.  Evaporated  to 
dryness  the  residue  was  completely  soluble  in  water  and  con- 
tained nothing  but  nitrate  of  copper. 

Mineral  Water. — ^A  pint  of  mineral  water  not  labeled. 
It  appeared  not  to  have  been  filtered.  The  results  of  as 
complete  a  qualitative  analysis  as  the  small  quantity  would 
admit  of,  are  as  follows : 

The  water  contained  a  brown,  flocculent  deposit  and  orys- 
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talline  scales.  It  was  neutral  to  litmus,  tumeric  and  lead 
papers,  showing  the  absence  of  free  acids,  alkalies  and  sul- 
phuretted hydrogen.  It-  was  also  odorless,  with  a  bitter 
saline  taste. 

Three  hundred  and  ninety-three  cubic  centimeters  were 
evaporated  to  dryness.  A  portion  of  the  residue  dissolved  in 
water  contained  potassium,  sodium,  chlorine,  sulphuric  acid 
and  a  trace  of  phosphoric  acid.  The  residue  insoluble  in 
water,  dissolved  in  hydrochloric  acid  with  escape  of  car- 
bonic acid,  and  the  solution  contained  chlorides  of  lime  and 
magnesia. 

These  results  indicate  that  the  water  held  in  solution : 

Carbonate  of  lime, 

Carbonate  of  magnesia. 

Chloride  of  sodium  and  potassium, 

Sulphate  of  sodium  and  potassium, 

Phosphates,  a  trace. 

A  little  organic  matter  was  not  dissolved  in  hydrochloric 
acid. 

This  water  will  be  further  examined. 

No.  29. — A  specimen  supposed  to  be  carbonate  of  mag- 
nesia, was  found  to  be  a  light-colored,  friable  clay,  contain* 
ing  a  large  proportion  of  sand;  will  be  still  further 
examined. 

JSToa.  80  and  81.— Two  specimens  of  siliceous  limestone^ 
containing  small,  rounded  grains  of  a  soft,  light-green  min- 
eral, were  to  be  examined  for  carbonate  of  copper.  Dilute 
hydrochloric  acid  dissolved  the  lime  with  disengagement  of 
carbonic  acid.  The  hydrochloric  acid  solution  was  colorless 
and  contained  lime,  iron,  magnesia  and  a  trace  of  manganese, 
with  carbonic  and  silicie  acids,  but  no  copper.  The  insolu- 
ble portion  consisted  of  grains  of  quartz  sand,  and  the  green 
mineral  which  contained  iron,  alumina,  magnesia  and  soda, 
with  silicie  acid.  .  This  green  mineral  has  the  appearance  of 
being  green  slate,  in  water- worn  grains.  The  species  can 
only  be  accurately  determined  by  a  quantitative  analysis. 
They  will  be  still  further  examined. 

PeaU numbered  \6  to  m  inclusive. — Thirteen  specimens  of 
peat  were  examined  with  reference  to  hygroscopic  water, 
organic  matter  and  ash.  They  were  all  treated  exactly 
alike.  An  average  sample  of  each  of  the  specimens  was 
finely  pulverized  and  thoroughly  mixed.  Of  this  one  gramme 
was  carefully  weighed  in  a  one-ounce  platinum  crucible. 
The  covered  crucible  containing  the  assay  was  then  placed 
in  an  air  bath,  and  heated  to  212-220  degs.  Fahr.,  until  it 
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ceased  to  lose  weight.  The  loss  was  estimated  as  hygro* 
scopic  water.  The  cover  was  then  removed,  the  crucible 
inclined  and  heated  to  dull  redness,  finally  to  bright 'red- 
nesSy  until  the  combustible  matter  was  entirely  consumed. 
The  loss  was  estimated  as  organic  matter  and  the  residue  as 
ash.    The  following  results  were  obtained : 


No. 

Hygroscopic  Water. 

Organic  Matter. 

Ash. 

16 

12.72 

68:52 

18.76 

17 

18.04 

48.64 

88.82 

18 

10.99 

44.66 

44.45 

19 

20.64 

58.60 

25.76 

20 

16.75 

47.08 

86.28 

21 

11.98 

88.48 

54.59 

22 

18.58 

58.28 

88.14 

23 

11.08 

41.67 

47.80 

24 

10.225 

64.475 

25.30 

25 

10.80 

16.88 

72.87 

26 

8.69 

81.90 

59.41 

27 

9M 

42.63 

47.52 

28 

29.44 

58.17 

12.39 

These  Peats  will  be  still  further  examined. 

An  al]|0olutely  accurate  comparison  of  these  Peats  with 
oak  wood  cannot  be  made  without  a  determination  of  the 
carbon  and  hydrogen  present  in  each ;  but  in  order  to  fur- 
nish a  tolerably  correct  basis  of  comparison,  the  average 
amount  of  carbon  and  hydrogen  as  compared  with  the  total 
amount  of  organic  matter*  was  estimated  in  the  six  speci- 
mens examined  by  Dr.  Rose.  It  was  found  to  be  58.4  per 
cent.  The  proportion  contained  in  oak  wood  being  made 
the  standard  of  comparison  or  100  per  cent.,  all  of  the  Peats 
examined  by  Dr.  Rose  and  myself,  ^eve  found  to  possess 
the  following  values,  100  pounds  of  the  air-dry  substance 
being  taken  in  each  case  : 


106  lbs. 

Oak  Wood    « 

100.0  lbs. 

100  lbs. 

No. 

19  = 

70.5  lbs. 

<(          IC 

Serial  No.  5=» 

99.0    « 

cc        cc 

20  = 

61.7    " 

Ct          l< 

«       •«     6= 

86.0    " 

cc         cc 

21  = 

44.0    '• 

M          l< 

cc           cc      7^ 

89.8    " 

cc         cc 

22  = 

70.1     " 

U          it 

«         "     8= 

80.2    «• 

cc        cc 

28  = 

54.8    «* 

U          <C 

cc          cc      9^ 

18.1     ** 

cc         cc 

24  = 

84.9     " 

u       cc 

c.           cc    10= 

'86.7    " 

cc        cc 

25  = 

21.4    « 

c<        « 

"    16= 

90.2    « 

cc        cc 

26  = 

42.0    " 

«(       cc 

.«         "    17= 

64.0    '« 

cc        cc 

27  « 

56.1     •* 

M          IC 

"         "    18= 

68.6     " 

C(         «c 

28  « 

76.5    " 

18 
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No.  28  was  one  of  the  first  examined,  and  was  not  prob- 
ably sufficiently  dried,  as  the  amount  of  water  is  very  large, 
29.44  percent.  The  ash  is  only  12.89  per  cent.,  however, 
which  is  very  low.  This  peat  is  no  doubt  very  nearly  as 
valuable  as  number  16,  when  properly  dried. 


The  value  of  all  of  these  peats, 
other,  is  as  follows : 


as  compared  with  each 


Ser.No.  5 

7 

Ser.No.  "28 

18 

Ser.No.  27 

"  16 

8 

"  19 

14 

"  23 

«  7 

9 

•*  22 

15 

"  21 

"  10 

10 

"  17 

16 

«  26 

"  6 

11 

•«  20 

17 

««   8 

6 

"  24 

12 

"  18 

18 
19 

"  25 
«   9 

All  of  which  is  respectfully  submitted. 

S.  F.  PECKHAM, 
Chemist  to  the  Geological  Survey  ot  Minnesota. 
St.  Anthony's  Falls,  Dec.  23,  1873. 

Of  the  foregoing  samples  analyzed  by  Prof.  Peckham, 

J7o.  1  was  obtained  at  Stillwater,  Waahlogton  county. 

''A"  was  from  Pleasant  Grove,  Olmsted  connty. 

<* Mineral  Water"  was  flrom  the  repated  salt  springs  at  Belle  Pl&ine, 

Scott  county.    Other  samples  have  been  since  obtained  and  will 

receive  analysis. 
No.  29  was  from  the  sandstone  near  the  Red  Jacket  Mills,  in  Bine  Earth 

county,  apparently  consisting  of  magnesia  or  magne8ia|and  lime. 

(See  description  of  that  locality,  page  96.) 
Nos.  80  and  31  were  Arom  the  St.  Lawrence  limestone,  the  former  fjrom  St. 

Lawrence,  Scott  county,  the  latter  ttom  Jndson,  in  Blue  Earth 

county. 
No.  16  was  a  peat  from  St.  Cloud,  18  inches  below  the  surface. 
No.  17  was  a  peat  flrom  Lura,  In  Faribault  county,  18  inches  below  the 
Plgi       surface;  land  of  W.  Z.  Ilalght.    Bog  A. 
No.  18  was  itom  the  same  bog  as  No.  17,  8  feet  below  the  surface. 
No.  19  was  a  peat  from  the  same  place,  Bog  B,  ISJin.  below  the  surfkce. 
No.  20  was  fjrom  the  same  bog  as  No.  19,  8  feet  below  the  surface. 
No.  21  was  a  turf-peat,  owned  by  John  Haggard,  Sec.  4,  T.  101,  B.  89. 
No.  23  was  from  K.  K.  Peck's  land,  near  Windom,  2  ft.  below  the  surface. 
No.  28  was  from  K.  K.  Peck's  land,  near  Windom,  8  ft.  below  the  surface. 
No«  24  was  a  peat  ftom  land  of  Rev.  Edward  Savage,  near  Windom^  18 

inches  below  the  surface. 
No.  25  was  a  turf- peat  flrom  S.  O.  Taggart's  land,  Sec.  24,  T.  105,  B.  86. 
No.  26  was  a  peat  from  land  of  A.  A.  Soule,  Mountain  Lake,  2  feet  below 

the  surface. 
No.  27  was  peat  from  land  ot  St.  Paul  &  Sioux  City  Railroad,  Sec.  18,  T. 

106,  R.  87,  2  feet  below  the  surftice. 
No.  28  was  a  peat  flrom  land  ot  F.  G.  Taylor,  Brooklyn,  Hennepin  Co. 
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(f)     Where  Peat  exists  in  Minnesota. 

The  method  adopted  for  testing  for  peat  is  very  simple. 
A  common  auger ,  of  about  one  and  a  half  inch  bore,  is  sup- 
plied with  a  jointed  rod  eight  or  ten  feet  in  length.  The 
handle  and  all  of  the  joints  are  removable,  and  can  be  trans- 
ported in  one  package.  The  thread  of  the  auger  will  bring 
out  the  material  passed  through,  from  any  desired  depth, 
the  samples  being  preserved  if  necessary.  This  will  answer 
for  most  cases.  If  the  peat  prove  too  pulpy  or  too  wet  to  be 
brought  out  on  the  thread  of  the  auger,  other  means  must 
be  adopted.  When  it  is  too  fibrous  and  loose  to  be  pene- 
trated by  the  auger,  the  desired  sample  can  be  taken  out  by 
the  hand,  as  the  loose  and  fibrous  parts  are  always  near  the 
surface.  The  best  way  to  illustrate  the  contents  of  a  peat 
marsh,  is  to  take  out  and  dry  a  full  section  from  the  surface 
to  the  bottom,  cutting  the  fiber  with  the  slane,  and  exposing 
the  variations  in  composition  and  color  without  disarrang- 
ing their  superposition. 

The  following  notes  on  the  observed  location  of  peat  de- 
posits do  not  embrace  a  much  larger  class  ot  observations, 
made  during  the  summer  on  localities  where  peat  does  not 
exist,  but  where  it  was  supposed  by  the  owners  to  exist  in 
abundance. 

1.  At  a  point  about  half  a  mile  east  of  £mpire  City,  in 
Dakota  county,  the  auger  was  sunk  in  the  land  of  Albert 
Whittier.  This  is  within  the  valley  of  the  Vermilion  River, 
and  revealed  the  following  section  : 

No.  1 — Tarf-peat,  abont 1  ft. 

No.  2.— Black,  sticky,  heavy  mnd ••    8  A. 

No.  8.— Sand,  with  some  gravel,  penetrated 1ft. 

This  character  of  surface  prevails,  judging  from  outward 
appearances,  over  an  area  of  many  acres  in  this  part  of  the 
valley,  passing  also  on  to  the  land  of  Mr.  Gray,  further 
east. 

2.  Sec.  22,  T.  114,  R.  19,  Dakota  county.  Owner's 
name  unknown.    Agents,  Claggett  &  Crosby,  Farmington. 

No.  l.—Wet  turf-peat 1  ft. 

No.  2.— FlnQ,  black  mad 2  ft, 

No.  8.— Green,  sandy  clay 1  ft. 

No.  4.— Sand,  of  a  greenish  cast 2  ft.  4  in. 

No.  5.— The  same,  Indefinitely. 

3.  About  Sec.  22,  T.  114,  B.  19,  Dakota  county. 
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Ko.  1.— Black  tnrf-peat,  loose  and  flbroos 1ft. 

j  Ko.  2.~Fioe,  black  mad 61s. 

I  Ko.  8.— Sand  and  gravel .•••  6in. 

i  Ko.  4.~The  same  indiflnitely. 


7 


J 


:  4.    In  the  same  bog;  near  an  outcrop  of  the  St.  Peter, 

N.  W.  from  Empire  City. 

No.  i.—Black  tnrf,  flbrons 1  ft. 

Ko.  2.— Sand ;  the  same  indefinitely 1  ft. 

5.    In  the  same  bog ;  owned  here  by  James  Murphy. 

Ko.  1. — Black,  impure  tnrfjr  peat 1  ft. 

A  Ko.  2.— Yellowish-green,  sandy  day 1ft. 

I  This  burned  over  more  or  less  for  some  distance  in  yari- 

\  ous  directions  a  few  years  ago,  passing  also  on  to  the  land 

i  of  others.    This  whole  slough  is  termed  '^meadoV  by  the 

I  owners,  and  furnishes  annual  crops  of  hay.     In  the  dry 

ji  months  teams  can  be  driven  over  it  in  most  places.    It  is 

^  in  the  valley  of  the  Vermilion,  the  greater  part  lying  on 

\  the  north  side  of  the  river. 

H  6.    Land  of  James  Murphy,  Sec.  15,  T.  114,  B.  19. 

f 

4  Ko.  1.— Tnrf-mold,  or  tnrf-peat,  dry  and  hard  enough  for 

I  teams  to  pass  over,  little  flbrons,  burned  oyer  a  few 

.^  years  ago 1ft.    6  in. 

Ko.  2.— Yellowish-green  clay    [See  Dr.  Rose's  Analyses]..  6  in. 


n 


7.    Near  the  center  of  the  same  bog,  E.  of  Murphy's. 


I:  Ko.  1.— Black  «nrf- peat,  wet..... 6  In. 

j                        Ko.  2.— Clay  and  mud  of  brownish-ash  color,  with  streaks 
i  of  green 1ft. 

J  8.    Land   ot    Caleb  Adams,   same  slough.     One  mile 

northwest  of  Empire  City. 

;  Ko.  1.— Fibrous  turf-peat 1ft.    6  in. 

•  Ko.  2.— Sand,  indefinitely. 

This  peat  has  as  good  (or  better,)  appearance  as  any  yet 
.^  seen  on  this  marsh. 

9.  Land  of  D.  S.  Pitcher,  two  and  a  half  miles  east  of 
I  Farmington.   Sec.  27,  T.  114,  B.  19.    A  branch  of  the  Yer- 

*  milion  valley,  coming  in  from  the  southwest,  consists  now 
of  a  long,  wide  slough,  having  the  surface  characteristics 

'  ^  of  the  valley  of  the  Vermilion. 
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Ko.  1.— Black  muck,  somewhat  fibrous  on  the  top,  becomiog  clayey  and 
sandy,  bnt  passing  into  stiff,  brown  clay  in  18  In 1  ft. 

Tested  no  further. 

Mr.  Pitcher  says  this  surface  turf  burned,  in  1863,  from 
July  to  December,  making  many  ^^hog-wallows." 

10.  Kasota,  LeSueur  Co.  This  marsh  is  crossed  hj 
the  Sioux  City  B.  R.  This  point  is  on  the  east  side  of  the 
B.  R.  six  rods  from  the  drift  bluff. 

Ho.  1.— Pretty  good  peat 8  in. 

Ho.2.— Black,  sandy  clay  8  ft. 

The  whole  depth  drilled  showed  frequent  shells. 

11.  In  the  same  marsh,  on  the  west  side  of  the  R.  R. 
fifteen  rods  from  the  drift  bank. 

Ho.  1.— Roots  and  stems  of  grass,  with  some  peaty,  vege- 
table decomposition 8  in. 

Ho.  2.— Black,  peaty  mad,  with  a  few  fragments  of  shells 

andsomesand 1ft.    4  in. 

Ko.  S.—Black  or  brown  mnd,  with  sand  and  firagments  of     . 
shells 4  ft. 

12.  Head  of  Lake  Emily,  in  Le  Sueur  county,  near  St. 
Peter.     Land  of  Mr«  French.  ' 

Ho.  1.— Boots,  and  soft,  fibrous  lake  se  diment 1  ft. 

Ho.  2.— Peaty  lake  sediment,  with  little  or  no  sand 1  ft.    6  in. 


[See  Dr.  Rose's  analyses.] 
i,  withal 


Ho.  8.— Peaty  mnd,  with  a  little  sand 1  ft. 

Ho.  4.— Black,  lake  mud,  sandy 2  ft. 

13.  Wells,  Faribault  Co.,  land  of  Clark  W.  Thompson. 

Ho.  1.— Watery,  flbrons  peat 4  ft. 

Ho.  2.— Peaty  mnd,  with  shells  and  some  sand 6  In. 

Ho.  8.— Brownish  mud  and  clay..... 6  in. 

14.  Wells,  Faribault  Co.,  land  of  Clark  W.  Thompson. 
Same  slough  as  the  last. 

Ho.  1.— Good  peat,  showing  some  sand  grains 6  ft. 

Ho.  2.^Peaty  mnd  and  clay.     [See  Dr.  Hose's  analyses]. .    ^  in.  to  1  ft. 

15.  Wells,  Faribault  Co.,  same  slough. 

Ho.  L^Peatofgood  quality 5  ft. 

Ho.  2.--Peaty  mad 6  ln« 
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16.  There  is  a  peat  deposit  of  80  or  100  acres  near  Lura, 
in  Faribault  county,  Sec.  30,  T.  104,  B.  25.  Land  of  H. 
F.  Quinby  and  J.  Robinson.     Said  to  be  four  feet  deep. 

17.  Peat  is  manufactured  near  Fairmount,  in  Martin 
county,  by  Mr.  A.  L.  Ward. 

18.  Near  Lura  Station,  in  Faribault  county,  peat  exists 
in  considerable  quantities,  on  land  of  W.  Z.  Haight.  [See 
Prof.  Peckham's  analyses.] 

19.  Sec.  24,  T.  105,  B.  85 ;  Cottonwood  county.  Land 
of  S.  O.  Taggart.  In  a  dry  slough,  covering  many  acres, 
the  surface  consists  ot  a  turf-peat,  to  the  depth  of  about  a 
foot,  passing  into  black  mud  and  sand.  The  very  top  ia 
fibroud  and  even  spongy. 

20«  Land  of  S.  O.  Taggart,  5  miles  east  of  Windom.  In 
a  narrow  spring  ravine,  where  water  stands  or  slowly  runs 
throughout  the  year,  and  near  its  head,  a  thickness  of  a 
foot  or  more  of  turf-peat  may  be  taken  out  over  a  space  of 
a  few  rods  square.  It  is  thicker  and  better  near  the  head  of 
the  ravine  than  at  any  other  point,  owing  to  the  more  con- 
stant protection  of  the  grass  and  roots  from  the  prairie  fires. 

21.  .  Other  similar  peaty  ravines  occur  on  land  of  Miss 
Elien  Imus,  near  that  of  Mr.  Taggart. 

22.  A  mile  and  a  half  north-east  of  Cannon  City,  Bice 
county.  Land  ot  Wm.  Dunn.  A  shaking  bog  of  peat  is 
said  to  occur  on  S.E.  1-4  Sec.  11,  T.  110,  B.  20. 

23.  Mountain  Lake,  Cottonwood  Co.  Near  Mountain 
Lake  Station,  on  land  of  A.  A.  Soule,  a  coarse  turf-peat 
covers  the  surface  of  a  dry  slough  to  the  depth  of  ten  to 
eighteen  inches.  Near  a  spring  along  the  side  of  this  slough 
which  is  tributary  to  Mountain  Lake  the  surface  quakes,  and 
the  peat  is  thickest. 

24.  Around  Mountain  Lake  the  land  is  low,  and  is  flooded 
in  the  wet  season.  This  low  land  contains  considerable 
peat  for  some  distance  out  toward  the  lake.  The  surface 
shakes  under  the  tread.  It  is  covered  in  the  summer  with 
a  tall  grass,  which  much  resembles  the  wild  rice,  yet  the 
softest  places,  where  the  peat  occurs  purest,  are  furnished  . 
with  a  short  grass.  Peat  here  is  two  or  more  feet  thick. 
The  land  examined  is  owned  by  A.  A.  Soule. 

[See  Prof.  Peckham's  analyses.] 

25.  Sec.  13,  T.  106,  B.  37,  Amo,  Cottonwood  Co.  A 
slough  that  shakes  is  in  the  valley  that  forms  the  prolonga- 
ion  ot  the  Des  Moines  Valley  northwestward  above  the 
great  bend  a  few  miles  above  Windom,  and  has  a  spongy 
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peat  about  two  feet  in  thickness,  with  black  mud  below.    It 
covers  six  or  ten  acres. 

26.  In  the  same  prolongation  of  the  Des  Moines  Valley, 
on  E.  E.  Peck's  land,  two  miles  above  the  bend  of  the  Des 
Moines,  is  a  thickness  of  two  or  three  feet  of  peat.  This 
valley  seems  to  hold  about  two  feet  of  poat  along  a  consider*- 
able  area  through  the  middle,  and  would  supply  a  great 
quantity.  It  is  not  of  a  superior  quality,  but  might  be  very 
useful  to  the  settlers. 

27.  Sec.  2,  T.  105,  R.  88,  Cottonwood  Co.,  Govern- 
ment land.  Side-hill  peat  occurs  on  a  gentle  slope  over  the 
space  of  a  few  rods,  having  a  thickness  of  a  foot  and  a  half 
or  two  feet.  Such  peaty  patches  appear  also  on  the  oppo- 
8ite  side  of  the  main  valley,  arising  from  the  issuing  of 
springs  that  keep  the  surface  moist,  while  the  lower  land  in 
the  same  slough  is  dry  and  hard.  This  peat  is  not  free  from 
sand.    It  also  smells  strons^ly  of  sulphuretted  hydro{g:en. 

28.  NE.  i  Sec.  28,  T.  105,  R.  36,  Cottonwood  Co. 
Land  of  A.  J.  HalU  In  a  turfed  ravine,  where  water  stands 
or  slowly  oozes  through  the  turf,  sloping  gently  toward  the 
Des  Moines  river,  a  turf  peat  may  be  taken  out  to  the  depth 
of  a  foot  or  twenty  inches.  The  belt  containing  peat  is 
from  ten  to  twenty  feet  wide,  and  similar  in  its  situation  to 
that  of  Mr.  S.  O.  Taggart,  but  more  extensive.  It  shakes 
under  the  feet  for  three  or  four  feet  about,  but  a  horse  can 
walk  safely  over  it  in  most  places  in  the  dry  season.  Indeed, 
it  is  mown  for  hay  every  year.  An  irony  scum  lies  on  the 
ground  and  on  the  grass  stalks.  The  peat  itself  is  a  turf, 
but  contains  shells  and  some  grit. 

Another  similar  ravine  is  on  the  same  claim.  Numereua 
others  might  be  located  along  the  ravines  that  cross  the  Des 
Moines  bluffs. 

29.  SW.  i  Sec.  4,  T.  104,  R.  36.  Delafield,  Jacksott 
county.  Land  of  Rev.  Edward  Savage.  A  good  moss  peat 
occurs  here  in  a  slough,  having  an  average  thickness  of  two 
feet,  over  an  area  of  ten  acres  or  more.  The  slough  is  con*- 
fined  between  bluffs  that  appear  to  be  entirely  composed  of 
drift,  and  has  a  feeble  drainage  into  a  small  lake  (String 
Lakes).  The  surface  is  mostly  covered  with  a  short  (blue 
joint?)  grass,  but  also  with  chair-bottom  rushes.  Some 
patches  also  of  Typha  laiifolia  are  seen.  No  horsetail  rush 
appears.  In  passing  over  the  surface  of  this  marsh  it  quakes 
five  or  six  feet  around,  and  the  auger  hole  is  immediately 
filled  with  water  to  the  top.  Below  eighteen  inches  (even 
sparingly  in  ten  or  twelve  inches)  shells  begin  to  be  rather 
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common,  and  the  auger  next  brings  up  a  black  mud  with 
many  shells.  The  most  of  this  peat  is  made  up  of  the  peat 
moss  9  though  at  a  depth  of  a  foot  or  eighteen  inches  it  con- 
tains grass  roots  and  other  fiber. 

30.  *NE.  J  Sec.  30,  T.  105,  E.  36.     Land  of  Arthur 
,  Johnson.     Turf-peat  occurs  in  a  ravine,  twenty  feet  oyer, 

where  fuel  can  be  taken  out, 

31.  Land  of  Geo.  C.  Bush,  Sec.  6,  T.  105,  R.  37,  holds 
fi  peaty  turf,  in  a  dry  slough  near  the  mouth  ot  a  ravine,  in 
considerable  abundance.     Sandy  below. 

82.  T.  105,  B.  38,  Southbrook,  Cottonwood  county. 
Peat  exists,  according  to  Mr.  John  Crapsey,  three  miles 
north  of  Talcott  Lake. 

33.  Land  of  the  St.  Paul  &  Sioux  City  and  Sioux  City  & 
St.  Paul  E.  R.  Sec.  81,  T.  105,  R.  37',  Jackson  county: 
A  thin  deposit  of  about  six  inches  of  peat  covers  about  half 
an  acre,  mostly  under  water.  This  is  the  only  peat  that 
can  be  found  in  the  vicinity  of  Heron  Lake. 

34.  Land  ot  F.  G.  Taylor,  Brooklyn,  Hennepin  county, 
seven  miles  north  of  Minneapolis,  furnishes  a  fine  quality  of 
peat.     [See  analyses  of  Prof.  Peckham.] 

35.  Land  of  B.  S.  Langdon,  Sec.  4,  T.  102,  R.  41, 
Nobles  county.  Here  a  turf-peat  occurs,  about  14  inches 
in  thickness,  lying  on  a  side-hill  or  gentle  slope,  having  a 
springy  character  when  trod  on.  It  is  underlain  by  a  black 
mud,  which  has  been  mistaken  for  non- fibrous  peat.  Of 
the  turf  several  cords  (perhaps  a  hundred)  have  been  taken 
off,  preparatory  to  excavating  the  rich  (  ?)  peat  below,  when 
it  was  discovered  that  it  would  not  burn,  but  when  placed 
in  the  fire  turned  out  hard  and  heavy  like  burned  clay. 
The  turf  itself  will  make  a  fuel  that  will  compare  well  with 
any  turf-peat  discovered. 

36.  Peat,  eight  or  ten  inches  thick,  exists  on  the  rail- 
road land.  Sec.  27,  T.  101,  R.  40,  Nobles  county,  of  a 
turfy  character,  but  good  quality.  It  lies  over  an  acre  or 
two,  but  may  be  taken  out  probably  in  other  places  along 
the  different  creeks  that  unite  here. 

37.  At  Bigelow,  in  Nobles  couhty,  there  is  a  consider- 
able thickness^  perhaps  two  feet,  of  half-carbonized,  pulpy, 
vegetable  silt,  lying  entirely  below  the  water  of  a  lake, 
made  up  of  decaying  sedges  and  grasses  and  their  roots. 
It  is  torn  in  pieces  by  the  waves  in  the  lake,  and  gathers 
about  the  shores  and  under  the  bog-turf,  driven  most  abund- 
antly to  the  side  that  faces  the  prevailing  winds.  It  is  often 
intermixed  with  fine  mud  and   shells,   especially  near  the 
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bottom.  It  will  probably  furnish,  if  dry,  a  combustible 
material  that  would  answer  well  for  iuel,  if  it  should  prove 
obtainable  in  sufficient  quantities,  and  especially  if  it  were 
to  be  pressed  and  molded.  It  has  not  the  necessary  origia 
nor  nature  to  be  styled  peat. 

H8.  John  Haggard  takes  out  turf  in  a  low  patch  on  Seo» 
4,  T.  101,  R.  89,  Nobles  county.  It  occurs  partly  on  Stat» 
Swamp  land,  partly  on  railroad  land,  and  partly  on  the 
claim  of  Charles  Peterson.  It  is  in  nature  and  positioa 
similar  to  the  turf  on  B.  S.  Langdon^s  land,  northwest  of 
Worthington.  Mr.  Haggard  takes  it  out  with  a  spade, 
about  a  foot  in  depth,  in  large  blocks.  Then  drawing  it  to 
the  house  he  cuts  it  into  convenient  smaller  blocks,  and 
spreads  and  piles  it  for  drying.  After  drying  about  four 
or  six  weeks  it  is  fit  for  burning.  It  burns  quickly  but 
leaves  considerable  ash.  (See  the  report  of  Prof.  S.  F. 
Peckham.) 

39.  On  the  S.E.  i  Sec.  27,  T.  102,  B.  84,  Jackson  coun- 
ty, Mr.  W.  V.  King  correctly  describes  a  peat  marsh. 

40.  Peat  occurs  of  good  quality  just  west  of  the  Hmita 
ot  St.  Cloud,  in  Stearns  county,  about  a  foot  and  a  half 
thick,  underlain  by  a  bed  of  shell  marl,  which,  before  the 
introduction  of  the  Shakopee  lime,  was  considerably  burned 
for  quick  lime.     [See  Prof.  Peckham's  analyses.]- 

41.  Peat  occurs  within  the  corporate  limits  of  St.  Paul, 
having,  according  to  Dr.  C.  D.  Williams,  a  depth  of  eight 
feet.  It  lies  on  the  land  of  Mr.  Schmidt.  [See  analyses 
ot  Dr.  Rose.] 

42.  At  Ked  Wing,  Goodhue  county,  good  peat  has  been 
taken  out,  and  experiments  in  manufacture  made  on  the  farm 
of  Capt.  O.  Eames.  This  peat  lies  in  the  bottoms,  between- 
the  shore  and  next  range  ot  river  blufis.  The  experiments 
were  made  under  the  direction  of  the  Davidson  Steamboat 
Company,  by  Capt.  Isaac  Webb,  of  Stillwater. 

43.  At  East  Minneapolis,  Mr.  W.  W.  Wales  and  Dr. 
M.  D.  Stoneman  took  out  about  25  cords  of  peat  in  1865. 
The  average  thickness  is  about  eight  feet,  and  the  peat, 
although  light  and  fibrous  at  the  top,  was  heavy  and  solid 
below,  becoming  brown,  or  nearly  black.  Digging  and  dry- 
ing cost  bO  cents  per  cord.  It  was  consumed  iu  common 
stoves,  leaving  a  heavy  ash.  In  cost  it  could  not  compete, 
with  pine  wood  from  the  saw  mills* 


U 
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(g)     The  working  of  Peat. 

The  great  porosity  and  consequent  bulk  of  peat  make  it 
exceedingly  desirable  that,  before  it  is  used  for  fuel,  it 
should  be  compressed,  both  for  the  purpose  of  removing  the 
contained  moisture,  and  of  gettini;  an  intenser  heat.  The 
brown,  fibrous  peats  are  also  liable  to  crumble  on  beinff 
handled,  and  will  not  bear  transportation,  unless  rendered 
more  tenacious  and  dense  by  some  process  of  manufacture. 

To  accomplish  this,  various  methods  have  been  invented. 
The  *<  turf"  that  is  extensively  burned  by  the  peasantry  in 
Ireland,  France  and  Germany,  is  simply  taken  from  the 
bog  and  dried  in  the  sun.  When  first  taken  from  the  bog 
its  weight  consists  of  from  70  to  90  per  cent,  of  water. 
When  ready  for  use  it  still  holds  from  20  to  35  per  cent. 
That  which  has  been  stacked  from  six  to  twelve  months  still 
retains  from  18  to  20  per  cent.,  and  after  being  kept  in  a 
dry  house  for  two  years,  from  10  to  15  per  cent,  of  water. 
Its  heating  effect  then  is  about  equal  to  that  of  an  equal 
weight  of  pine  wood.  Peat  may  be  condensed  and  prepared 
by  machinery  so  as  to  weigh  more  than  hard  wood.  It  may 
be  made  nearly  as  solid  and  tenacious  as  coal,  its  specific 
gravity  being;  nearly  that  of  bituminous  coal.  In  this  form 
It  may  be  subjected  to  a  strong  blast,  renderiDg  it  useful  in 
ordinary  grates  and  furnaces. 

It  is  intended  to  dscribe  briefly  some  of  the  methods  of 
manufacturing  peat  in  America.  Many  of  the  facts  herein 
stated  are  obtained  from  LeaviiCs  Peat  Journal  of  March, 
1867 ;  others  from  Prof,  iiohnson's  '•  Peat  and  its  Uses.^ 

**  In  this  country  comparatively  little  has  been  done ;  and, 
until  quite  recently,  no  machinery  whatever,  especially  con- 
structed and  adapted  for  the  production  of  solid  fuel  from 
peat,  has  been  put  in  practical  operation.  The  impression 
has  seemed  to  prevail  that  the  material  is  to  be  treated  like 
clay,  and  that  brick  machines  might  be  leadily  made  to  work 
the  desired  results ;  but  the  idea  is  erroneous.  Numerous 
brick  mahines  have  been  tried,  some  of  them  very  ingeni- 
ously and  perfectly  constructed,  and  which  have  been  dem- 
onstrated to  be  almost  perfect  in  their  operation  upon  clay ; 
but  have  proved  an  entire  failure  when  peat  was  substituted 
instead.  It  is  true,  however,  that  with  two  or  three  of  these 
machines  peat  has  been  compressed  into  compact  blocks 
having  the  appearance  of  great  solidity  when  moist;  but  so 
soon  as  the  moisture  is  evaporated,  as  it  will  inevitably  be 
in  time,  the  mass  is  found  to  bo  porous  and  light. 
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<'Quite'a  number  of  preasea^  some  of  them  exceedingly 
ingenious  in  device  and  construction,  and  powerful  in  their 
operation  and  supposed  to  be  so  arranged  as  to  press  the 
water  out  of  the  mass,  and  leave  the  material  compact  and 
nearly  or  quite  dry,  have  been  built  and  tested,  with  failure 
ot success  as  a  uniform  result;  and  although  the  records 
and  reports  of  such  cases,  both  in  Europe  and  this  country, 
tire  sufficiently  extensive  to  explode  the  idea  that  any  profit- 
able results  can  be  obtained  by  pressure  alone,  there  are, 
nevertheless,  those  who  are  still  persistent  in  their  efforts 
to  accomplish  it  by  such  means,  and  are  now  devising  new 
methods  of  applying  powerful  pressure,  which,  were  they 
to  consider  but  for  a  moment  the  nature  of  the  material  in 
its  crude  state,  would  be  seen  at  once  to  be  clearly  of  no 
avail.  The  famous  Beater  Press,  which,  within  a  few  years, 
has  acquired  great  notoriety,  and  is  now  probably  the  most 
powerful  press  in  use  for  hay,  straw,  cotton,  tobacco,  &c., 
has  been  tried  several  times  in  New  York  and  Massachu- 
setts, by  parties  sanguine  of  success,  but  with  only  the  same 
results  as  with  other  presses." 

Ashcroji  and  Bettdey*s  Process. — «*  Under  the  patents  of 
Ashcroft  and  Betteley  operations  were  commenced  in  Mas- 
sachusetts in  1864.  Their  process,  as  claimed,  provides  for 
separating  the  fibrous  from  the  thoroughly  decomposed  por- 
tions of  the  peat,  by  combing ;  in  doing  which  the  mass  is 
reduced  to  a  pulp,  which  is  then  conveyed  into  high  tanks 
where  it  is  proposed  to  allow  it  to  remain  until  by  its  own 
weight  and  pressure  it  shall  have  become  sufficiently  dense 
to  I^  formed  into  blocks,  when,  by  opening  a  small  gate  near 
the  bottom  of  the  tank,  it  is  presumed  that  the  pressure  of 
the  superincumbent  mass  will  force  it  ^out  in  a  continuous 
sheet,  of  uniform  size,  as  regulated  by  the  orifice,  which  may 
then  be  cut  in  blocks  and  laid  away  to  dry." 

Roberts^  Process. — ^The  machinery  set  up  at  Pekin,  New 
York,  in  1865,  is  the  invention  of  Mr.  M.  S.  Roberts.  The 
following  description  of  it  is  from  the  Buffalo  Express^  of 
NovemW  17,  1865  :  '^In  outward  form  the  machine  was 
like  a  small  frame  house  on  wheels,  supposing  the  smoke- 
stack to  be  a  chimney.  The  engine  and  boiler  are  of  loco- 
motive style,  the  engine  being  of  thirteen  horse  power. 
The  principal  features  of  the  machine  are  a  revolving  eleva- 
tor, and  a  conveyer.  The  elevator  is  seventy-five  feet  long, 
and  runs  from  the  top  of  the  machine  to  the  ground  where 
the  peat  is  dug  up,  placed  on  the  elevator,  carried  to  the 
top  of  the  machine,  and  dropped  into  a  revolving  wheel  that 
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cuts  it  up9  separates  from  it  all  the  coarse  particles,  bits  of 
sticks,  stones,  etc.»  and  throws  them  to  one  side.  The  peat 
is  next  dropped  into  a  box  below,  where  water  is  passed  in 
sufficient  to  bring  it  to  the  consistency  of  mortar.  By  means 
of  a  slide  undei  the  control  of  the  engineer,  it  is  next  sent 
to  the  rear  ot  the  machine,  where  the  conveyer,  one  hundred 
feet  long,  takes  it  and  carries  it  to  within  two  rods  of  the 
end ;  at  which  point  the  peat  begins  to  drop  through  to  the 
ground  to  the  depth  of  about  four  or  five  inches.  When 
sufficient  has  passed  through  to  cover  the  ground  to  the  end 
of  the  conveyer — two  rods—  the  conveyer  is  swung  round 
about  two  feet,  and  the  same  process  gone  through  as  fast 
as  the  ground  under  the  elevator,  for  the  distance  of  two- 
rods  in  length,  and  two  feet  in  width,  gets  covered,  the  ele- 
vator being  moved.  After  the  eighteen  rods  are  covered, 
the  machine  is  moved  two  rods  ahead,  enabling  it  to  again 
spread  a  semi-circular  space  of  some  thirty-two  feet  in  width 
by  eighteen  rods  in  length.  The  same  power  which  drives 
the  engine  moves  the  machine.  It  is  estimated  by  Mr. 
Boberts  that  by  the  use  of  this  machine  from  twenty  to  thirty 
tons  of  peat  can  be  turned  out  In  a  day.''  Four  men  are 
required  to  run  it. 

In  this  process,  it  is  to  be  observed  that  the  method 
requires  the  addition  of  a  very  considerable  quantity  of 
water,  before  the  peat  can  be  treated;  whereas  a  great 
desideratum  has  ever  been  to  discover  some  process  by 
which  the  large  amount  of  water  the  peat  already  contains 
in  its  natural  state,  may  be  discharged. 

Hodges^  Process. — Mr.  James  Hodges,  of  Montreal,  after 
considering  the  many  difficulties  in  the  way  of  manufacturing; 
peat  successfully,  conceived  the  idea  of  a  manufactory  com- 
plete, which  might  be  made  to  float  about  in  the  bog,  exca- 
vating, pulping,  manufacturing  and  spreading  out  the 
pulped  peat  to  dry,  until  some  seventy  per  cent,  was  evap- 
orated, or  it  was  fit  for  carriage  to  the  store  or  to  market* 
After  three  years'  experience,  he  arrived  at  the  conclusion 
that  it  may  be  effected  in  the  following  manner : 

**An  extensive,  undrained  bog,  from  eight  to  twelve  feet 
in  depth — or  if  deeper  the  better — having  been  selected, 
the  first  process  is  to  trace  out  at  some  distance  from  the 
margin,  a  contour  level  line  of  say  several  miles  in  extent. 
Alot^g  this  line,  a  space  ot  some  nineteen  feet  in  width  must 
be  cleared  and  the  live  moss  or  turf  entirely  removed ;  by 
the  side  of  this  a  space  of  ninety  feet  in  width  is  to  be 
cleared  and  drained  to  receive  the  pulped  peat. 
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«At  one  end  of  the  contour  line  before  mentioned,  a 
barge  or  scow,  eighty  feet  long,  sixteen  feet  beam  and  six 
feet  deep,  must  be  constructed,  and  launched  into  a  hole  in 
the  bog  dug  to  receive  her.  The  barge  or  scow  is  to  con- 
'  tain  all  the  machinery  necessary  for  the  complete  manufac- 
ture of  the  peat. 

<«At  one  end  of  the  scow  is  placed  a  pair  of  large  screw 
augers,  eleven  feet  in  diameter,  which,  being  provided  with 
proper  shafting  and  gearing,  are  made  to  revolve  by  means 
of  a  steam  engine  placed  on  the  rear  of  the  vessel.  These 
augers,  or  screw  excavators,  bore  out  the  peat  in  precisely 
the  same  manner  that  a  common  auger  bores  itself  into 
-wood;  and,  the  scow  being  made  to  move  onward  as  the 
boring  proceeds,  it  follows  that  a  channel  nineteen,  feet  wide, 
of  from  four  to  six  feet  deep  is  formed,  in  which  the  scow, 
with  her  burden  of  machinery,  floats,  the  water  from  the 
adjacent  peat  draining  into  and  filling  the  canal  as  fast  as 
it  is  made,  the  usual  speed  of  the  scow  being  some  fifteen 
feet  per  hour. 

<<  A  competent  engineer  should  determine  and  lay  out  the 
^nal  level,  as  well  as  arrange  its  water  supply,  upon  which 
depends  in  a  great  measure  the  successful  working  of  the 
irhole. 

<*The  peat,  when  bored  out  or  excavated  by  the  screws, 
is  delivered  into  the  barge,  and  conveyed  by  means  of  an 
elevator  to  a  hopper,  into  which  it  is  tumbled.  It  then 
passes  through  machinery  which  removes  all  sticks  and 
roots,  and,  eventually  destroying  the  fibre,  reduces  the  peat  • 
to  a  homogeneous  mass  of  softj  pulp,  like  well  tempered 
mortar. 

•*This  pulp  then  passes  into  a  long  spout  or  distributor, 
which,  extending  at  right  angles  oyer  the  side  of  the  scow, 
spreads  out  the  pulp  on  the  leveled  moss  by  the  side  of  the 
-canal  in  a  thin  slab  nine  inches  in  thickness  and  ninety  feet 
in  width. 

**  After  the  slab  of  pulp  has  been  deposited  for  a  couple 
^f  days,  or  in  hot  weather  for  a  shorter  period,  it  begins  to 
•consolidate,  and  shows  symptoms  of  cracking.  Immediate- 
ly any  cracks  make  their  appearance,  it  must  be  marked  out 
by  drawing  a  frame-work  carrying  curved  knives  placed  six 
inches  apart,  across  it.  A  few  days  more  harden  the  pulp 
80  that  by  the  aid  of  boards  a  man  can  walk  on  it,  and  mark 
It  longitudinally  with  cuts  eighteen  inches  apart. 

'*  Id  about  a  fortnight,  the  shrinkage  of  the  pulp-slab 
causes  the  cuts  made  in  it  to  open,  and  the  whole  presents 
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the  appearance  of  an  immense  floor  covered  with  bricks- 
eighteen  inches  long  by  six  inches  wide.  As  soon  as  the^ 
bricks  are  sufficiently  hard  to  bear  handling,  they  are  sep- 
arated and  **  footed ;''  that  is,  stood  up  on  the  ends,  five  in 
a  stock,  with  one  across  the  top,  in  which  position  they  re- 
main until  dry  enough  to  be  removed  to  the  store  or  to  the 
market. 

"  In  the  manufacture  of  peat  fuel  considerable  experience 
is  required,  and  unless  attention  is  paid  to  matters  of  detail ». 
apparently  of  little  importance,  serious  loss  may  be  the  re* 
suit. 

**  In  forming,  or  uncovering  the  canal  track,  nothing  more 
is  required  than  that  the  turf,  or  live  moss,  about  six  inches 
in  thickness,  together  with  the  roots  of  all  trees  upon  the 
surface  of  the  bog,  should  be  removed ;  and  as  upon  all  un- 
drained  bogs  the  roots  of  such  stunted  trees  as  grow  there- 
are  all  on  tne  surface,  this  operation  is  easily  accomplished. 

*<In  the  preparation  of  the  pulp-beds  great  care  is 
required,  and  a  surface  should  be  obtained  as  level  and 
even  as  possible.  The  roots  of  all  trees  must  be  removed,, 
and  this  is  more  readily  accomplished  with  the  trees  them- 
selves, by  which  means  considerable  labor  is  saved,  one 
man  pulling  them  down  on  one  side,  while  another  with  an 
ax  cuts  the  lateral  roots  at  some  distance  from  the  stem, 
leaving  the  smaller  portions  behind.  The  long  grass, 
shrubs  and  rank  mosses  are  cut  down  with  a  short  scythe, 
and  used  in  filling  up  any  irregularities  in  the  surface. 
Drains  from  nine  to  twelve  inches  deep  should  also  be  cut 
and  covered  over  with  the  spare  turf  taken  from  the  canal 
track.  The  soil  from  the  drains  may  also  be  used  in  level* 
ing  and  filling  up  inequalities  in  the  pulpbed.  In  some 
places,  where  the  growth  of  shrubs  has  been  very  rank  and 
coarse,  the  turf  upon  the  whole  surface  of  the  pulp-beds 
has  been  cut  into  strips  and  inverted ;  but  it  is  better  to  cut^ 
drains,  and  leave  the  turf  in  its  natural  position.  The  soft 
pulp,  when  poured  upon  it  in  a  seijii-fluid  state,  advances 
lava-like,  pressing  down  any  small  branches  of  shrubs  and 
the  long  grasses  which  may  be  standing  in  the  way  of  its 
onward  progress. 

^*  The  pulp  should  not  be  deposited  nearer  than  five  feet 
of  the  canal,  and  upon  this  space  may  be  placed  any  surplus 
moss  or  turf  from  the  uncovering  of  the  canal  track,  which 
will  not  only  keep  the  pulp  in  place,  but  also  form  a  roadg 
and  towing  path  for  the  canal.     At  the  rear,  or  ninety  feet 
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from  this  bank,  a  double  thickness  of  turf  is  all  that  is  ne- 
cessary to  complete  the  pulp-beds. 

**  The  canal  track  and  pulp-beds  being  prepared,  and  the 
scow  with  its  machinery  in  position,  nothing  more  is  re- 
quired than  to  set  it  in  motion,  giving  the  necessary  feed, 
say  one  and  a  half  inches  for  each  revolution  of  the  screw 
excavators,  which  may  be  increased  to  three  inches  if  neces- 
sary. As  the  screws  revolve,  they  cut  off  continuous  slices 
of  tiie  peat,  which,  by  the  assistance  of  a  couple  of  men,  are 
delivered,  through  the  rear  of  the  shield  the  screws  work 
in,  into  a  well  in  the  bow  of  the  scow.  These  men  also 
remove  any  large  masses  of  extraneous  material,  such  as 
pieces  of  wood,  roots  of  trees,  etc.,  which  may  work  in. 
It  is  sometimes  required,  when  working  in  peat  which  is 
very  lull  of  roots,  to  have  a  man  placed  in  front  to  remove 
them  as  they  are  brought  up  by  the  knives  of  the  screws — 
roots  as  much  as  a  man  can  lift  being  occasionally  excavated, 

**  After  the  peat  is  delivered  into  the  well,  it  is  carried 
by  means  of  an  elevator,  and  tumbled  into  a  hopper,  from 
which  it  passes  through  the  stick  and  fiber  catcher,  the 
pulping  and  distributing  trough,  without  any  assistance 
whatever;  it  being  only  necessary  to  see  that  the  stick 
catcher  is  kept  clear,  and,  occasionally,  when  the  pulp  is 
too  dry,  to  turn  on  a  pump  until  it  is  reduced  to  a  proper 
consistency. 

*<  The  leveling  of  the  pulp  should  be  done  as  evenly  and 
•moothly  as  possible.  A  few  days'  experience  will  enable 
any  intelligent  man  to  accomplish  this ;  and  upon  its  being 
well  done  depends,  in  some  measure,  the  quality  of  skin  up- 
on the  peat, — so  essential,  not  only  in  shedding  the  rain  and 
preventing  cracking  from  the  sun,  but  also  in  giving  a  per- 
manent toughness  to  the  bricks. 

**The  crew  of  the  scow,  all  told,  will  number  six,  includ- 
ing the  master  who  keeps  the  knives  of  the  screw  excava- 
tors clean,  and  sees  that,  all  is  going  on  right:  two  men  at 
the  screw  excavators,  one  engine  man,  one  man  leveling  the 
pulp,  and  one  man  to  tend  the  stick-catcher  and  pulping- 
spout. 

«<The  marking  of  the  pulp  beds  into  transverse  cuts,  at 
six  inch  intervals,  is  proceeded  with  as  soon  as  the  pulp 
begins  to  set,  or  becomes  so  tough  that  when  the  incisions  or 
cuts  are  made  in  it  by  the  knives,  they  do  not  re-unite.  The 
operation  is  performed  by  two  men,  one  on  each  side  of  the 
palp-bed,  who  by  means  of  a  rope  pull  a  frame-work  of 
wood,  carrying  curved  knives  to  and  fro  across  the  bed.    A 
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little  practice  enables  tbem  to  perforin  the  work  with  great 
accuracy.  The  longitudinal  cuts,  eighteen  inches  apart,  are 
made  as  soon  as  the  pulp  is  sufficiently  hard  to  bear  the 
weight  of  a  man  upon  a  plank  laid  on  its'surface.  It  is  per- 
formed by  pushing  a  circular  plate  of  iron,  which,  cutting 
like  a  circular  saw,  severs  the  peat' to  the  very  bottom.  In 
making  these  last  cuts,  care  should  be  taken  that  they  go 
quite  through  the  peat,  so  that  surface  water  from  rain  may 
freely  pass  off  through  the  drains  in  the  pulp  beds  into  the 
canal, 

**  Upon  the  state  of  the  weather  depends  the  time  when 
the  next  operation  should  be  performed ;  but  if  the  pulp- 
slab,  when  first  spread  out,  is  not  more  than  nine  inches  in 
thickness,  which  it  should  never  exceed,  then  a  fortnight 
will  be  ample  time  to  harden  the  bricks  for  footing.    * 

*<  The  footing  is  done  by  gangs  of  men  and  boys,  one 
man  and  three  boys  working  together ;  the  man,  using  a 
suitable  tool,  separates  the  bricks,  whi6h  the  boys  foot,  or 
place  in  groups  or  stocks  of  five  ;  four  stand  on  their  ends 
inclining  to  each  other,  with  their' tops  touching,  the  fifth 
being  balanced  horizontally  upon  them.  A  man  and  three 
boys  will  foot  four  thousand  bricks  in  a  day. 

**  After  the  bricks  have  been  exposed  to  the  weather  for 
a  few  days,  they  should  be  re-footed  or  turned,  two  boys 
handling  four  thousand  as  a  day's  work. 

**  Nothing  now  remains  to  be  done  but  to  wheel  the  bricks, 
when  sufficiently  dry,  into  barges,  and  conv.ey  them  to  the 
store." 

Mr.  Hodges'  plan  of  operations  is  rather  extensive,  not 
to  say  immense,  yet  wherever  the  necessary  area  and  sup- 
ply of  peat  can  be  found,  there  can  be  no  doubt  but  his 
method  would  prove  as  profitable  as  any  other,  and  perhaps 
more  so.  It  has  been  put  into  successful  operation  in  Ca- 
nada, and  has  furnished  a  fuel  that,  used  on  the  Grand 
Trunk  Railway,  produced  the  most  promising  results. 

JEUberg^s  Process. — ^This  was  invented  by  Dr.  Louis  Els- 
berg,  of  New  York  City,  in  1864,  and  his  experimental 
machinery  was  erected  at  Belleville,  N.  J.  It  is  based  on 
the  principle  of  the  JExler  process^  an  invention  made  in 
Bavaria,  in  1856.  In  the  latter  method  the  bog  is  laid  dry 
by  drains,  and  the  bushes  and  grass  turf  removed  down  to 
good  peat.  A  gang  of  three  plows  is  then  propelled  by  a 
portable  steam  engine  over  the  surface  teariug  up  ihe  peat 
to  the  depth  of  about  an  inch.  It  is  then  pulverized  where 
it  lies  by  a  harrow,  drawn  by  oxen.     After  several  turnings 
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by  an  instrament  like  our  caltivator,  in  order  to  expose  it  to 
the  air  and  8an»  it  is  gathered  by  scrapers  aad  loaded  in 
wagons,  and  conveyed  to  the  press  or  magazine,  where  it  is   * 
farther  pulverized  by  passing  it  through  a  series  h(  toothed 
rollers.    It  then  enters  a  very  complicated  drying  oven, 
where  by  a  series  of  spiral  rollers  it  is  moved  over  successive 
shelves  or  floors,  tbe  interior  of  the  oven  being  heated  partly 
by  steam  and  partly  by  hot  air.     The  floors  consist  of  steam  • 
chambers,  made  of  iron,  and  the  hot  air  is  made  to  circulate 
over  the  peat  at  a  temperature  of  120^  to  140^  Fah.     The 
fine  peat  is  thence  conveyed  to  the  press  which  forms  it  into 
bricks  of  suitable  size  for  locomotives.      It  has  a  specific 
gravity  of  1.14,  and  forms  an  excellent  fuel.     One  cubic 
foot  of  this  pressed  peat  weighs  72  pounds.     The  process  of 
Elsberg  varies  from  this  in  having  a  cylindrical  pug-mill  in 
which  the  peat,  air-dried  as  in  Exter's  process,  is  further 
broken,  and  at  the  same  time  subjected  to  a  current  of  steam 
admitted  through  a  pipe  and  jacket  surrounding  the  cylinder. 
The  steamed  peat  is  then  condensed  by  presses  similar  to 
those  of  the^Exter  method,  fed  directly  from  the  mill.    In 
this  way  the  complicated  drying-oven  of  Exter  is  dispensed 
with.     Samples  of  peat  prepared   by   this   method  have, 
according  to  Prof.  Johnson,  a  specific  gravity  of  1.2  to  1.3. 
LeaviiC  8  Process. — Mr.  T.  H.  Leavitt,  of  Boston, Mass.,  in 
1865  invented  the  following  machinery  and  method  of  manu- 
facturing peat :    **  I'he  machinery  consists  of  a  strong  tank  or 
cistern,  three  feet  in  diameter,  and  six  feet  high,  supported 
upon  a  stout  framework  about  four  feet  above  the  floor  of  a 
suitable  building,  which  should  be  near  the  bog,  and  is  best 
constructed  on  a  side-hill  so  that  easy  access  can  be  had  to 
the  lower  story  on  one  side  from  the  base  of  the  hill,  and  to 
the  second  story  on  the  other  side.     The  top  of  this  tank  is 
open,  and  even  with  the  floor  of  the  second  story.     Within 
the  tank,  and  firmly  fixed  to  its  sides,  are  numerous  projec- 
tions of  a  variety  of  forms,  adapted  to  the  treatment  of  the 
material  in  its  several  stages  as  it  progresses  through  the 
mill,  which  is  divided  into  three  apartments ;  through  the 
center  of  the  tank  revolves  an  upright  shaft  to  which  are 
affixed  knived   and  arms  varying   in   form  and  structure 
to  correspond  with  the  stationary  projections  in  each  apart- 
ment; below  the  tank  is  a  receiver,  or  hopper;  and  under 
this  is  a  moulding  or  forming  machine,  two  feet  in  width 
and  twelve  feet  long,  of  like  simple  construction,  which 
receives  the  condensed  material  from  the  hopper  and  deliv- 
ers it  in  blocks  of  any  desired  form  and  size.     The  whole 
15 
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is  adapted  to  be  driven  by  a  small  steam  engine  and  requires 
about  six  and  ten  horse-power  respectively  for  the  two  sizes 
ot  machines  as  at  present  constructed,  of  the  capacity  of 
fifty  and  one  hundred  tons  each  of  crude  peat>  per  day  of  ten 
hours. 

<*  The  crude' material  is  brought  from  the  bog  in  ordinary 
horse  carts,  or  on  small  cars  running  over  a  cheaply  con- 
structed tram- way,  to  the  mouth  of  the  mill,  in  the  floor  of 
the  second  story  of  the  building,  where  it  is  dumped  or  shov- 
eled into  the  mill  in  any  convenient  quantity ;  but  the  ar- 
rangement is  such  that  only  a  given  amount^is  admitted,  and 
under  treatment  at  any  one  time,  so  that  all  parts  have  a 
uniform  and  regular  supply.  The  treatment  is  such  that  the 
original  organization  of  the  peat  is  entirely  destroyed;  in 
the  second  stage,  the  air,  of  which  a  large  amountMs  con- 
tained in  its  cells,  isejected ;  advantage  is  taken  of  some  of  the 
natural  properties  of  the  material,  and  the  mass  is  condensed 
in  the  moist  state  in  the  lower  part  of  the  mill,  from  whence 
it  is  delivered  into  the  hopper  of  the  moulding  machine,  and 
is  discharged  in  a  continuous  line  of  moulds  (which  are  fed 
into  the  rear  part  of  the  machine  by  a  boy),  at  the  rate  of 
fifty  to  one  hundred  tons  per  day  of  ten^hours.  The  work 
of  removing  the  blocks  to  the  spreading  ground  is  easily 
accomplished ;  and  they  are  exposed  in  the  open  air  for  dry- 
ing, in  much  the  same  manner  as  bricks  are  exposed  in  a 
brick- yard. 

'*  The  amount  of  waler  contained  in  well  drained  peat  is 
ordinarily  from  65  to  75  per  cent.,  varying  according  to  the 
character  of  the  material  and  the  drainage  of  the  meadow ; 
so  that  the  weight  of  dry,  hard  fuel  from  the  product  of  a 
day's  operations,  is  from  12  to  17  tons,  or  25  to  35  tons, 
from  the  two  sizes  of  machines  respectively. 

**  The  water  remaining  in  the  blocks  as  they  come  from 
the  mill  can  be  got  rid  of  only  by  evaporation,  which  goes 
on  very  rapidly  after  this  method  of  treatment;  and  the 
fuel  is,  at  th^  expiration  of  about  six  to  ten  days,  sometimes 
in  four  or  five,  in  condition  to  be  housed  or  transported  to 
market.'* 

The  Roe  Process. — This  invention,  patented  May  22, 
1866,  was  made  by  Dr.  Julio  H.  Kae,  of  Syracuse,  N.  Y. 
It  is  thus  described  in  a  circular  issued  by  the  owners : 
**  The  peat  is  delivered  into  the  top  of  a  cylinder  placed  in 
a  vertical  position,  in  which  is  a  revolving  shaft,  to  which 
are  permanently  fastened,  near  its  top,  two  or  more  arms, 
which  are  set  at  an  angle  with  the  axis   of  the   shaft,  their 
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office  being  to  draw  down  the  peat  from  the  top  of  the  cylin- 
der and  feed  it  along  into  that  part  of  the  cylinder  where  it 
will  be  subjected  to  the  action  of  the  revolving  knives  or' 
cutters,  which  are  found  on  the  under  side  of  the  b1ade» 
projectiug  from  the  shaft,  andjplaced  at  an  angle  with  the 
axis  of  the  shaft.  The  number  of  blades  can  be  varied,  and 
also  the  number  of  cutters  on  the  blades.  In  a  cylinder  of 
about  four  feet  in  length  about  seven  such  blades  can  ber 
used  advantageously.  They  are  arranged  around  the  shaft 
in  spiral  order,  and  are  so  inclined  that  the  front  edge  of 
each  blade  is  higher  than  the  rear  edge,  whereby  they  are 
made  to  give  a  downward  impulse  to  the  peat  as  they  re- 
Yolve.  Below  the  lowest  blade  is  a  propeller,  consisting  of 
a  series  of  blades,  each  bent  so  as  to  form  a  section  of  a 
screw,  but  the  blades  are  fastened  to  the  shaft  in  the  same 
plane.  The  office  of  the  propeller  is  to  seize  the  peat  and 
press  it  downward  through  an  opening  in  the  bottom  of  the 
cylinder  into  a  chamber,  wherein  are  placed  conveyors  that 
convey  and  force  the  peat  into  condensing  and  discharging" 
tubes  that  project  through  the  sides  of  the  chamber.  The 
condensing  tubes  and  the  cenveyors  are  placed  in  a  horizon-^ 
tal  position,  the  ends  of  the  conveyors  i caching  a  little  way 
within  the  tubes,  but  they  can  be  arranged  in  any  other  de- 
sired position.  The  inner  ends  of  the  tubes  are  cylindrical 
and  the  tubes  gradually  decrease  in  diameter  for  about  one- 
half  their  length,  so  as  to  resemble  the  frustum  of  a  cone^ 
From  or  near  the  point  of  their  greatest  contraction,  the  tube9 
assume  a  shape  nearly  semi-cylindrical,  retaining  that  shape 
to  their  outer  ends,  and  gradually  increasing  again  in  diam- 
ter.  The  rounded  upper  side  of  the  tubes  at  their  discharge 
end,  gives  a  corresponding  rounded  form  to  the  peat  that  i» 
forced  through  them,  but  any  other  form  may  be  adopted* 
The  peat  is  received  from  the  ends  of  the  discharging  tubes 
on  the  ground  or  upon  a  traveling  belt  or  platform,  and  may 
be  cut  up  immediately  into  proper  lengths,  convenient  to  be 
handled  in  drying. 

**  There  are  four  sizes  of  these  machines,  viz. ; 

**No.  1,  requiring  about  one  horse-power,  designed  for 
iarmers,  is  capable  of  turning  out  per  day  what,  when 
properly  dried,  will  make  from  four  to  six  tons  of  merchant-^ 
able  fuel. 

**No  2  is  double  the  capacity  of  No.  1,  requiring  about 
two  horse  power. 

**No.  3  is  a  combination  of  Nos.  1  and  2,  nearly  double 
their  capacity,  requiring  from  four  to  six  horse  power. 
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{  <*  No.  4  is  more  than  double  the  capacity  of  No.  3,  requir- 

•  iog  from  eight  to  twelve  horse  power,  and  capable  of  turning 

V  out  per  day  enough  peat  to  make,  when  cured,  forty  tons 

1  of  merchantable  fuel/' 

1  These  machines  were  run,  a  few  years  ago,  by  the  Min- 

l  nesota  Peat  Company,   of  St.  Paul,  and    the  Minnesota 

;  Packet  Company.     In  simplicity  of  construction,  and  in 

I  power  and  capacity,  these  mills  seem  to  excel.     They  also 

I  have  a  very  great  advantage  over  Leavitt's  and  all  others 

.'  employing  moulds  for  giving  shape  to  the  condensed  peat. 

I  The  use  of  the  moulds  is  cumbersome  and  expensive. 

The  Aitbin  Process. — This  method  was  inaugurated  at 
'  Meriden,   Conn.,   in    1870.     It  covers   different    patents. 

I  designed  for  economizing  labor,  obtained  in  1868  and  1869. 

^  The  following  description  is  from  the  circular  issued  by  the 

\  agents  in  New  York,   in   1870:     <*If  the  manufacture  of 

•^  the  fuel  is  to  be  carried  on  upon  a  limited  scale,  of  say  five 

tons,  or  thirty  to  fifty  tons  per  day,  hand  labor,  with  the 
1  ordinary  long-handled  shovel,  is  probably  the  simplest  and 

cheapest  way  to  get  the  peat  up  from  the  deposit ;  it  is  then 
thrown  into  wheelbarrows,  and  if  the  distance  be  not  too 
.^  great,  can  be  dumped  directly  into  the  mouth  of  the  eleva- 

tor. When  peat  to  be  dug  is  at  a  sufficient  distance  from 
the  machine  to  justify  or  necessitate  the  use  of  cars,  then  a 
set  of  double  portable  rails  can  be  employed.  When  the 
Bwamp  cannot  possibly  be  drained,  the  use  of  scows  or  wire 
tramways  may  be  resorted  to.  For  large  operations,  to 
supply  railroads  or  manufacturing  districts,  a  steam  digger, 
on  a  scow,  or  on  tracks,  will  be,  of  course,  cheaper  than 
hand- labor. 

*<The  peat,  once  dug  and  conveyed  from  the  pit,  falls 
into  a  large  hopper,  from  which  a  screw  elevator,  especially 
devised  for  peat,  propels  it  up  to  the  slicing  and  cleaning 
apparatus,  placed  above  the  grinding  and  puddling  cylinder. 
When  the  bos:  cannot  be  drained,  the  peat  taken  from  it 
'  contains,  of  course, 'too  large  a  proportion  of  water  for  thor- 

ough and  economical  working ;  in  such  case  the  elevator  is 
furnished  with  a  vrringer^  which  can  be  operated  or  not,  at 
will,  and  arranged  to  separate  the  surplus  water  as  the  mate- 
rial passes  through  it.  The  peat,  in  a  fit  condition  to  work 
up  well,  being  elevated  in  a  continuous  and  evenly-fed  sup- 
ply, falls  into  the  slicer  and  cleaner.  This  portion  of  the 
apparatus  is  composed  of  a  series  of  rapidly  revolving  cut- 
ters, which,  owing  to  their  peculiar  form  and  position,  slice 
(he  peat  and  separate  from  it  all  hard  or  foreign  substances. 
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From  the  slioer  and  oleaner  the  peat,  still  better  fitted  for 
grindiog,  falls  into  the  grinding  and  pulverizing  machine. 
This  is  a  cylinder  three  feet  in  diameter  by  six  feet  long,  and 
made  of  boiler-plate  iron.     The  cylinder  itself  is  stationary, 
bat  within  is  a  large  reyolving  iron  drum,  eighteen  inches 
in  diameter.     To  this  are  bolted  in  two  spiral  rows,  forty- 
four  cast  iron  knifes,  all  nine  inches  long,  but  of  three  slightly 
varying  shapes,  and  three  sizes,  increasing  toward  the  mouth 
of  the  cylinder.    These  knives  are  named,  according  to  size, 
cutterSf  grinaera  and  puddlers^  and  remind  one  very  much 
of  the  three  kinds  of  teeth,  incisors,  canines  and  molars. 
They  are  between  one  and  three  inches  in  thickness  and 
have  each  several  square  corners,  but  no  sharp  edges.     At- 
tached to  the  inside  of  the  cylinder,  under  the  drum,  is  a 
corresponding  fixed  series  of  twenty-two  nearly  crescent- 
shaped  iron  knives.    Between  these  and  the  revolving  knives 
the  peat  is^carried  along,  cut,  ground  and  perfectly  ^'pulped,"" 
and  falls,  finally,  into  a  sluggish  stream,  through  a  spout  a 
foot  or  more  square,  into  a  large  wooden  moulding  hopper. 
Along  one  side  of  the  cylinder  is  the  <<  stone  pocket,"  a  long, 
spacious  iron  trough,  placed  horizontally.    It  has  an  exterior 
cover  for  removing  its  contents,  and  communicates  with  the 
interior  of  the  cylinder,  to  which  it  is  attached  in  such  a 
position  that  the  revolving  knives  necessarily  throw  any 
stone  or  other  hard  substance  into  the  pocket,  instead  of 
crushing  it  against  the  fixed  knives.     This  contrivance  is 
simple  and  eifective.     Under  the  moulding  hopper  is  a  series 
of  rollers  set  in  a  long,  stout  frame,  about  four  feet  high 
and  three  feet  wide,  called  the  conveyor.     One  man  puts  a 
shallow  wooden  box  or  mould  into  a  trough  of  water.     An- 
other submerges  and  removes  it  and  lays  it  on  a  little 
branch  of  the  conveyor.    Here  a  wooden  ^t4«Aer  strikes  it  a 
blow  and  sends  it  on  the  main  conveyor ;  another  drives  it 
into  the  narrow  space  under  the  moulding  hopper,  where 
the  weight  of  the  peat  and  the  hopper's  peculiar  shape  fill 
it,  before  another  blow  from  the  same  pusher  forces  a  second 
mould  under  the  hopper  and  expels  the  first.     Other  moulds 
rapidly  follow,  moving  the  first  slowly  along  till  a  third 
pusher  thrUsls  it  upon  a  little  side-shelf,  trom  which  two 
men  easily  set  it  down  with  eleven  of  its  fellows,  in  three 
piles  of  four  each,  upon  a  wooden  four-wheeled  car. 

**  The  drying  field  is  a  large,  smooth  meadow,  crossed  by 
two  main  tracks,  running  1,500  leet  in  a  straight  line  from 
the  machine,  and  intersected  at  right  angles  by  cross-tracks, 
150  feet  apart,  and  running  300  feet  each  way  from  the 
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main  tracks,  with  turn-tables  at  the  janctions.  These  tracks 
Are  three  feet  wide,  and  laid  with  iron  rails  near  the  machine, 
and  wooden  rails  where  the  wear  is  less.  There  is  a  short 
flwitch-track,  built  so  that  three  cars,  instead  of  two,  can  be 
run  up  to  the  conveyor  at  once,  though ^  only  one  can  be 
loaded  at  a  time. 

**  The  pulverized  peat  is  so  tenaciously  adhesive  that  the 
moulds  used  are  of  a  novel  construction,  to  meet  this  diffi- 
x^ulty.  They  are  four  and  a  half  feet  long  by  two  feet  wide, 
And  five  inches  deep.  The  corners  are  secured  with  iron 
x^lamps,  and  an  extra  strip  is  nailed  at  each  end  to  serve  as 
A  handle.  The  bottom  is  removeable,  and  across  it  are  fast, 
ened,  at  equal  distances,  ten  pine  strips,  about  two  and  a 
half  inches  high  and  an  inch  wide  at  the  base,  but  beveled 
x>ff  on  each  side  to  one-third  that  thickness  at  the  top.  These 
moulds  cost  about  $2.50  each,  and  about  500  of  them  are  in 
fise. 

**  Each  car  is  propelled  by  two  men.  Four  men  unload 
it.  Two  seize  a  mould,  one  at  each  end,  walk  briskly 
Away  with  it  to  the  place  where  it'  is  to  be  dumped,  tip  it 
wrong  side  up,  jerk  off  the  side  frame,  and  drop  it  on  the 
grass,  pick  the  bottom  off  the  sticky  mass  of  **  pulp,''  toss 
it  into  the- frame,  catch  up  the  empty  mould  again,  and  trot 
back  to  the  car.  This  process  is  repeated  with  the  other 
moulds.  When  first  emptied,  the  wet,  black  peat  is  just 
dense  enough  to  keep  its  shape ;  but  in  the  warm  season  it 
imrdens  so  fast  that  within  forty-eight  hours  it  will  resist 
the  severest  storm,  and  then  resume  the  drying  process  when 
the  weather  clears,  at  the  point  where*the  rain  interrupted 
{t.  Strange  as  it  may  seem,  this  peat  fuel  absorbs  much 
less  water  than  wood  does,  and  hence  can  be  dried  on  the 
bare  earth,  under  the  open  sky.  It  does  not  even  adhere 
to  the  grass,  which,  however,  is  soon  worn  away. 

<<  As  it  dries  the  peat  shrinks  to  about  half  its  first  thick- 
ness, changes  color  from  black  to  brown,  and  cracks  along 
ihe  grooves,  so  that  when  it  is  half  dry,  boys  can  easily 
*hack*  it — t.  e.f  break  each  mould  into  about  twenty 
pieces,  and  pile  it  in  two  or  three  small,  loose  heaps.  In 
two  weeks  or  a  month,  according  to  the  weather,  the  peat 
is  dry  enough  to  be  gathered  by  men  or  boys,  in  baskets, 
barrows  or  carts,  and  stored  in  covered  wooden  sheds,  with 
wide  cracks  between  the  sideboards  to  admit  air,  and  the 
iends  left  open. 

**  The  capacity  of  the  three  foot  cylinder  per  day,  at  thirty 
revolutions  regularly  fed,  is  seventy-five  tons  of  dry  fuel. 
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Whtttever  be  the   number  of   revolutions,  the  moulding 
machine  adapts  itself  to  the  demand. 

**  The  cost  of  machinery,  including  enginef  hoUera^  and 
entire  equipment,  is  dependent  on  the  amount  of  fuel  it  is 
required  to  be  produced  by  the  operator ;  being  for  small 
works,  intended  for  horse-power — say  five  tons  per  day — 
about  $200;  for  a  product  of  250  tons  per  day,  about 
$20,000— an  engine  of  eighty  horse  power  being  required  to 
drive  the  latter." 

HaighCs  Process, — ^This  is  the  invention  of  Mr.  W.  Z. 
Haight,  of  Delavan,  Faribault  county,  Minnesota.  It  has 
been  successfully  operated  at  Fairmont,  in  Martin  county, 
and  at  Wells,  in  Faribault  county.  At  the  latter  place  it 
was  taken  for  locomotives  by  the  Southern  Minnesota  Rail- 
road. The  works  at  this  place  have  been  thus  described  by 
ttie  We\\%  Atlas: 

<'  A  bold  bank  is  selected,  in  order  to  secure  a  good  dry- 
ing yard  close  to  the  bog,  on  which  the  engine  and  machinery 
n  located,  where  a  frame  is  erected  12x16  feet  and  eight  feet 
high,  from  the  top  of  which  a  wooden  car  track,  supported 
by  a  light  trestle-work,  descends  to  the  surface  of  the  bog, 
a  distance  of  150  feet,  with  a  fall  of  25  feet.  From  that 
point  the  track  is  made  in  sections  of  14  feet  each,  which  are 
portable,  thrown  down  on  the  surface  of  the  bog,  and  with 
the  use  of  a  few  curved  sections,  the  track  can  be  shifted  in 
any  direction  so  as  to  excavate  the  entire  bog  that  is  in  reach. 
This  track  can  be  extended  many  hundred  feet  out  across 
the  surface  of  the  bog,  if  desired,  giving  access  to  several 
acres.  On  this  track  one  car  plies,  which  is  loaded  by  three 
men  who  stand  by  the  edge  of  the  excavation,  (water  being 
lowered  about  six  inches  from  the  surface  to  insure  dry  feet). 
The  sod  ie  cut  up  into  chunks,  with  sharp,  diamond  pointedi . 
spade  like  tools,  from  two  to  four  feet  deep,*  according  to 
depth  of  the  peat,  and  left  submerged  in  the  water  until  the 
car  is  at  the  proper  place,  when  the  chunks  are  pitched  from 
the  water  into  the  car,  with  common  four-tined  forks,  and 
when  the  regular  amount,  about  two  tons,  is  loaded  into  the 
car,  it  is  hauled  by  the  power  of  the  engme  up  the  incline, 
over  the  large  platform  under  which  the  mill  is  situated,  and 
by  a  simple  contrivance  the  car  is  made  to  dump  its  load, 
also  to  unship  the  windlass  from  the  power  that  hauled  it 
op,  being  no  trouble  to  the  feeder,  who  at  will  starts  the  car 
back,  which,  in  going  down  the  inclined  plane  gains  momen- 
tam  that  carries  it  out  hundreds  of  feet  along  the  level  track. 
Meanwhile  the  men  in  the  bog  do  the  necessary  work,  cut« 
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ting  chunks  for  another  load,  bo  there  is  no  time  lost  in 
the  absence  of  the  car.  The  leeder,  who  stands  on  the  plat- 
form,  then  feeds  the  turfy  mass  into  the  mill,  which  is  an 
ingeniously  constructed  machine,  though  simple,  very  dura- 
ble, so  arranged  with  knives  cutting  through  grates,  pickers, 
conveyers,  &c.,  that  it  will  treat  the  most  fibrous  mass  or 
sod  peat  that  can  be  produced  and  reduce  it  to  a  pulp  or 
jelly  at  once,  and  that  too  without  clogging  or  winding  in 
the  machine.  Owing  to  its  perfectness  it  renders  it  unne- 
cessary to  strip  off  the  top  sod  from  the  bog,  all  that  is 
necessary  being  to  mow  off  the  grass  or  other  vegetation,  if 
there  is  any  growing  thereon,  thereby  saving  considerable  ex- 
pense in  labor,  also  a  good  part  of  the  fuel,  when  ground 
up  with  the  lower  or  more  decomposed  peat.  By  the  convey- 
ers, the  peat,  as  fast  as  pulped,  is  forced  through  a  pipe 
into  a  vat  with  dump  bottom,  which  holds  one  cart  load» 
Here  the  cartman  receives  it  by  driving  his  cart  under  and 
dumping  a  load  into  it  from  the  vat,  adjusts  the  vat  bottom,. . 
drives  to  the  spreading  ground,  dumps  his  load  from  the 
cartand  returns,  during  which  time  another  load  has  accu- 
mulated in  the  vat.  The  pulp  is  dumped  on  a  smooth  plat 
of  ground,  where  a  man  with  a  common  shovel  spreads  it 
into  bedR  four  inches  thick,  nine  feet  wide,  and  as  long  as 
necessary,  setting  up  boards  at  the  sides  to  keep  it  from 
spreading,  who  is  followed  by  another  man  with  a  tool  sim- 
ilar to  a  rolling  colter  for  a  plow,  fixed  on  a  long  handle, 
who  cuts  the  bed  of  soft  peat  into  blocks  8x13  inches,  which 
commence  to  solidify  at  once  by  the  ejection  of  the  water, 
and  in  one  or  two  days,  by  the  use  of  a  light  tool  made  ex- 
pressly for  the  purpose,  these  blocks  are  tipped  up  on  edge 
or  corners  promiscuously,  so  the  sun  and  wind  can  have  a 
better  chance  at  them.  In  two  days  more  they  arc  piled  in 
open  ricks,  in  which  posture  they  remain  on  an  average, 
two  weeks,  when  they  are  housed  to  .finish  drying. 

<*  The  cost,  the  past  season,  of  running  this  establishment^ 
at  a  capacity  of  60  tons  of  wet  or  15  tons  of  dry  peat  per 
day,  (equal  at  least,  when  properly  prepared  and  well  sea- 
soned, to  15  cords  of  good  wood,)  is  as  follows: 

Superintendent •... • $8  60 

Engineer  per  day 8  75 

ThVee  men  in  bog  to  load  car • 6  00 

Man  to  spread  pulped  peat  Into  beds • 1  50 

Boy  to  turn  up  blocks 1  00 

Two  boys  to  rick  up  blocks..... 2  00 

Man  to  feed  peat  into  mill. 1  60' 

Boy  to  drive  cart 1  00 
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Kas  to  cut  peat  into  blocks.... 1  50 

CErt  horse - 1  00 

One  ton  peat  at  co9t  price  for  engine 1-72 

For  oil,  and  wear  and  tear  on  engine • 1  00 

Add  22  cts.  per  ton  for  housing  15  tons,  one  day's  product 8  80 

Total $26  77 

<*  All  the  peat  is  being  sold  at  $4i00  a  ton,  except  that  to 
the  Kailroad  Co.,  at  which  price  the  yield  per  day  would  be 
$60.00.  Subtract  from  that  the  amount  of  expenses,  $26.77 , 
leaves  $33.23 — a  handsome  profit.  The  price  of  peat  per 
ton  should  be  estimated  equal  to  that  of  good  wood  per  cord, 
sawed  aud  split  for  stove  fuel,  and  unsawed  for  steam  pow- 
ers. 

*<  The  cost  of  an  establishment,  excepting  engine  and  dry 
ing  sheds,  capable  of  manufacturing  100  tons  of  wet  peat,, 
or  25  tons  when  dry,  per  day, — Mill  $400.  Frame,  trestle- 
work,  car  track,  car,  dump  cart,  &c.,  about  $300. 

*'  This  is  the  cheapest  mode  of  utilizing:  the  peat,  both  as    y 
to  the  matter  of  machinery  and  labor,  that  we  have  any  ac- 
count of,  and  as  it  has  been  practically  proven  a  success  at 
this  place,  we  see  no  reason,  it  the  the  same  plan  be  follow- 
ed, why  it  should  not  be  equally  successful  elsewhere." 

It  must  be  admitted,  however,  that  although  great  pro- 
gress has  been  made  in  this  country  in  the  construction  of 
machinery  for  the  manufacture  ot  peat,  a  great  deal  of  labor 
and  capital  have  been  consumed  to  no  purpose.  Many  of 
the  companies  that  with  hundreds  of  thousands  ol  capital 
each,  sprang  into  existence  a  few  years  ago  whe'h  a  feverish 
excitement  spread  over  the  country  in  reference  to  peat, 
have  entirely  disappeared,  and  nothing  remains  to  witness 
their  folly  but  the  idle  and  rusty  machinery  they  ^Mnvented'' 
or  purchased,  and  the  almost  forgotten  titles  to  thousands 
ot  bogs,  which  they  eagerly  bought.  This  phase  of  the  peat 
enterprise  is  not,  however,  the  just  criterion  by  which 
to  judge  of  it.  It  is  only  an  index  of  a  deep  seated  want. 
The  unmatured  developments  of  the  first  peat  agitators  in 
this  country  were  enough  to  start  into  a  flame  the  desire  of 
the  people  for  relief  from  the  high  prices  of  wood  and  coal. 
The  result  was  a  wide-spread  speculation.  From  this  there 
has  been  a  corresponding  reaction.  This  however  does  not 
in  the  least  afiect  the  real  value  of  peat  as  a  fuel,  nor  detract 
from  the  credit  of  the  inventions  that  have  been  made* 
Sober-minded  men,  consumers  of  large  quantities  of  fueU 
have  in  some  instances,  and  in  various  parts  of  the  country^ 
steadily  and  persistently  followed  up  the  matter.  Here  and 
16 
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there  a  railroad,  an  iron* furnace,  a  manufacturing  eatabliah- 
ment  or  a  family  has  continued  to  produce  and  use  peat  tael 
until  it  hrs  won  much  of  its  lost  favor,  and  is  now  in  actual 
demand  by  consumers  of  the  heaviest  class,  who  are  ready 
to  purchase  largely  and  at  highly  renumerative  prices.  This 
demand  however  is  one  that  will  not  be  met  by  anything  less 
than  a  constant  and  steady  supply,  equal  to  its  requirements. 
It  calls  for  the  best  machinery,  equipped  with  the  best 
tacilities  and  aids,  and  backed  by  large  capital.  The  follow- 
ing extract  is  from  a  letter  to  the  writer  from  T.  H.  Leavitt, 
of  Boston,  dated  Dec.  3, 1873 : 

**  The  most  active  and  really  practical  operations  in  peat 
and  its  utilization  of  which  I  have  present  knowledge  are  in 
the  Lake  Superior  iron  regions  of  Michigan. 

**  In  October  last  I  made  a  trip  there  and  at  Ishpeming, 
near  Marquette,  witnessed  the  successful  use  of  peat  fuel 
for  the  smelting  of  the  ores  of  that  region.  Operations 
more  or  less  experimental  have  been  quietly  prosecuted 
there  during  the  last  four  years.  A  furnace  of  moderate 
capacity,  especially  adapted  for  smelting  with  peat,  has 
recently  been  constructed  and  was  put  in  operation  about 
ten  days  before  I  was  there,  and  was  then  in  most  perfect 
operation,  and  was  considered  a  decided  success  as  regards 
economy,  ease  ot  management,  quality  and  quantity  of 
metal  produced,  &c. 

<«  The  fuel  was  very  poorly  made,  (lacking  the  density 
which  might  easily  be  given  it,  weighing  35  lbs.  per  bushel, 
whereas  it  might  probably  be  made  to  weigh  40,  45  to  50  lbs. 
at  nogreater  cost,)  and  in  many  things  they  lacked  experience, 
but  all  appeared  enthusiastic  of  their  success.  They  commenc- 
ed with  charcoal  and  ten  per  cent,  peat,  gradually  inci easing 
until  at  the  time  I  was  there  they  were  using  upwards  of  70 
per  cent,  of  peat,  and  were  only  waiting  permission  from  the 
agent  to.  use  all  peat,  which  the  furnace  men  assured  me 
they  were  convinced  would  be  not  only  successfully  done, 
but  be  actually  better  than  to  use  any  mixture  of  charcoal. 
The  metal  produced  was  regarded  as  fully  equal  in  quality 
and  perhaps  superior  to  the  very  best  grade  ever  produced 
in  that  region. 

**  Considering  the  immense  quantities  of  peat  in  that  re- 
gion and  the  success  attained  with  a  fuel  so  poorly  manufac- 
tured, I  can  but  feel  that  for  that  region  and  its  iron  interests 
the  peat-fuel  enterprize  has  yet  a  prominent  and  very  im- 
portant place  to  fill. 
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<<  The  cost  of  producing  the  fuel  there  is  stated  to  be  $8 
per  toD.'' 

(h)    The  Value  of  Peat  for  Fud. 

It  is  not  intended  here  to  attempt  the  derails  of  experi- 
ments and  comparisons  with  the  view  of  demonstrating  the 
usefulness  of  peat  as  a  fuel  for  domestic  and  metallurgical 
purposes.  That  has  already  beep  abundantly  attested  by 
the  approval  of  railroad  engineers,  who  have  used  it,  and  are 
still  using  it,  both  in  this  country  and  in  Europe,  and  of 
owners  of  furnaces  and  manufacturing  establishments,  as 
well  as  by  the  testimony  of  chemists  and  government  com- 
missioners that  have  reported  on  its  working,  in  France,  in 
Oermany  and  in  America.  The  following  tabulated  com- 
parisons are  given  for  the  purpose  of  placing  within  reach  of 
those  within  the  State  interested  in  this  subject,  reliable 
means  of  estimating  the  cost  of  peat,  ^and  its  heating  ca- 
pacity, compared  with  other  kinds  of  fuel.  These  are  the 
results  of  careful  and  loug-continued  experimentation  : 

(1)      Weight  for  weight. 

The  following  comparisons  are  given  by  Gysser,  on 
<»rtain  woods  and  charcoals  in  Oermany,  the  basis  being 
equal  weights  of  each.  ^ 


« 


Beech  wood,  split,  air-dried 1.00 

Feat,  coDdensed  by  Weber  and  Gysser's  method,  air-dried,  with 

26  per  cent,  of  moistare 1.00 

Peat,  condensed  by  Weber  and  Qysser's  method,  hot-dried, 

with  10  per  cent,  moistnre 1.4S 

Peat  charcoal,  Arom  condensed  peat 1.78 

The  same  peat,  simply  CD  t  and  air  dried 80 

Beech  charcoal 1 .  90 

Snmmer-oalf  wood 1.18 

Birch  wood 95 

White  pine  wood 72 

Alder 65 

LlDden 85 

Bedploe 61 

Poplar 50 

**  The  general  results  of  the  investigations  hitherto  made 
on  all  the  common  kinds  of  fuel,  are  given  in  the  sub- 
joined statement.  The  comparisons  are  made  in  units  of 
heat,  atid  refe'r  to  equal  weights  of  the  materials  experi- 
mented with. '^     IPeat  and  its  Uaea,  p.  102.] 

*^  Prof.  Johnson's  *'  Peat  and  its  Uses,"  p.  97. 
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A]r-dry  wood 2,800 

Alr-drypeat • 2,600  8,000 

Perfectly  dry  wood 8,600 

Perfectly  dry  peat 8,000  4,000 

Air-dry  lignite,  or  brown  coal 8,300  4,200 

Perfectly  dry  lignite,  or  brown  coal 4,000  5,000 

Bituminons  coal 8,800  7,000 

Anthracite  coal 7,600 

Wood  charcoal 6,800  7,600 

Coke 6,600  7,600 

(2)     Bulk  Jar  bulk. 

One  of  the  greatest  obstacles  to  the  general  use  of  peat 
for  fuel  consists  in  its  bulkiness.  Uncondensed  peat,  air- 
dried,  will  occupy  two  and  a  half  times  the  amount  of 
storage  room  that  anthracite  coal  will,  the  weights  being 
equal.  As  it  is  also  of  lower  heating  capacity,  requiring 
two  and  a  quarter  tons  of  peat  to  equal  one  ot  anthracite, 
the  bulk  required  for  the  peat  would  be  equal  to  five  and 
five-eighths  times  that  of  coal.  By  condensation  peat  is 
greatly  improved  in  heating  capacity  and  in  convenience 
of  handling.  Johnson  gives  the  follov^ing  as  the  compo- 
sition and  density  of  the  best  condensed  peat,  compared 
with  that  of  hard  wood  and  anthracite. 

Oxygen  and  SpedAe 

In  100  parts.  Carbon.     Hydrogen.  Ifltrogen.       Ash.  Water.      Graylty. 

Wood 89.6  4.8  84.8  0.8  20.0        0.76 

Condensed  Peat 47.2  4.9  22.9  5.0  20.0        1.20 

Anthracite 91.8  2.9  2.8  8.0  ....        1.40 

The  heating  power  of  peat,  ot  the  different  qualities^ 
taken  from  different  depths,  compared  with  pine  wood,  are 
thus  given  by  Prof.  Johnson,  after  Earmarsch,  equal  bulks 
being  taken  instead  of  equal  weights : 

100  cn.ft.of  turfy  peat,  on  the  average, »  88  ca.  ft.  of  pine  wood  In  stick» 
"         fibrous       •*  **         =  90      "  "  " 

"         earthy        "  "         =146       **  •"  " 

**  pitchy         "  *•  =184       «•  "  " 

The  following  also  shows  the  relative  heating  effect  and 
weights  of  an  English  cord  of  oak  wood  (taken  at  ICO  as 
the  standard)  and  of  several  Euiopean  air-dried  peats,  bulk 
for  bulk,  quoted  from  Brix  by  Prof.  Johnson : 

Weight  per  cord.     Heating  Bffect 

Oak  wood 4,150  lbs.  100. 

Peat  Arom  Linum,  Ist  quality,  dense  and  pitchy  8,400    ''  70. 

*•  *•         2nd  quality,  fibrous 2,900    "  56. 

"  "         8rd  quality,  turf:y 2,270    *'  58. 

Peat  ftrom  Buechsenfeld,  Ist  quality,  hard  and 

pitchy 8,400    "  74. 

Peat  from  Buechsenfeld,  2nd  quality 2,780    ''  64. 
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(i)     What  has  been  done  in  Peat. 

9 

A  few  years  ago  the  question  of  manufacturing  peat  was 
put  to  a  practical  test  by  the  Minnesota  Peat  Company,  lo- 
cated at  St.  Paul.  The  Bae  machinery  was  used.  The 
work  was  continued  long  enough  to  show  that  it  was  not 
profitable  at  the  current  prices  of  wood,  and  was  suspended. 
A  similar  attempt  was  made  at  Bed  Wing,  about  the  same 
time,  and  with  the  same  result.  The  process  used  there  is 
not  known.  In  Southern  Minnesota  Mr.  W.  Z.  Haight  has 
prosecuted  the  manufacture  more  successfully,  and  is  now 
engaged  in  erecting  the  necessary  buildings  and  apparatus 
for  working  peat  by  his  process  the  coming  season,  at  Lura 
Station,  in  Faribault  county.  He  produced,  at  a  cost  of 
two  dollars  per  ton,  a  good  fuel  at  Wells,  in  the  summer  of 
1871,  with  his  machinery,  which  was  well  suited  for  use  in 
locomotives.  The  stoppage  of  his  work  there  was  not  due 
to  a  failure  to  produce  a  good  fuel,  nor  to  its  being  too 
costly,  but,  he  says,  to  a  lack  of  demand  sufficiently  large 
to  warrant  extensive  operations.  His  method  is  described 
in  a  preceding,  section.  Except  the  preparation  of  small 
amounts  in  St.  Paul,  by  Dr.  G.  D.  Williams,  for  experi- 
mentation, the  foregoing  are  believed  to  be  the  only  at- 
tempts that  have  ever  been  made  in  the  State  of  Minnesota, 
to  produce  from  the  peat  deposits  of  the  State  a  fuel  for 
general  consumption  by  any  process  of  manufacture. 

(j)     Maw  or  Manufactured  Peat. 

Some  experiments  have  been  made  by  Dr.  G.  D.Williams 
on  a  fuel  made  by  a  saturation  of  turf-peat  with  the  resid- 
uum, or  *<  shale  oil,"  that  is  a  product  6f  the  petroleum 
refineries  of  Pennsylvania.  These  trials  demonstrate  that 
a  good  fuel  may  thus  be  formed.  The  combustible  material 
in  the  turf  itself  is  not  so  much  as  in  true  peat.  The  anal- 
yses of  Prof.  Peckham  show  the  greater  per  cent,  of  ash  in 
excess  of  that  o^  peat.  This  shale  oil  has  a  carbonaceous 
composition,  not  yet  certainly  ascertained,  consisting  very 
largely  of  carbon  and  hydrogen,  both  of  which  are  combus- 
tible. The  adding  of  the  shale  oil  to  the  turf  not  only 
increases  by  so  much  the  combustible  material  in  a  given 
bulk,  but  improves  the  quality  of  the  fuel.  By  this  means 
some  of  the  poor  peats  may  be  made  serviceable,  at  a 
cheaper  rate,  perhaps,  than  by  the  process  of  manufacture/ 
The  following  facts  in  reference  to  the  cost  of  this  shale  oil 
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delivered  at  Worthington,  in  Nobles  county,  are  on  the 
auhority  of  Dr.  Williams.  The  residuum  can  be  had«for 
removing  it  from  the  vats : 

Cost  of  barrel  coDtalnlog  48  to  45  gallons $1  50 

Cost  of  fllliDg  aDd'drayage  to  cars,  per  barrel 50 

Cbarges  Pittsburgh,  Fort  Waype  &  Chicago  B.  B.  to  Chicago 1  00 

Charges  West  WiscoDsin  B.  R.  to  St.  Paul 1  00 

Charges  St.  Paul  &  Sioux  City  B.  B,  to  Worthiugton •     1  00 

Add  for  profits  to  dealer ' 100 

Cost  at  WorthingtOB  per  barrel 96  00 

(k)    JPractical  Conclusions  on  JPecU. 

1.  There  is  not  so  much  real  peat  in  the  State  of  Minne- 
sota as  has  been  supposed.  There  is  a  great  abundance  of 
turf,  made  up  of  grass  roots,  containing  a  large  per  cent,  of 
ash,  not  properly  called  peat,  that  will  furnish,  in  any  exi- 
gency, a  fuel  that  will  keep  a  family  from  suffering:  This, 
however,  it  is  pot  thought  the  object  of  the  survey  to  mves- 
tigate,  nor  to  locate,  as  it  exists,  as  is  often  stated  in  the 
public  press,  on  almost  every  square  mile. 

2.  While  a  good  fuel,  almost  equal  to  the  Iowa  coal,  can 
be  produced  by  the  manufacture  of  peat  by  a  process  of  con- 
densation and  evaporation,  it  is  far  from  certain  that  it  will 
not  cost  as  much,  or  more  than  wood  or  coal  at  the  present 
prices. 

8.  if  in  any  part  of  the  northwest  peat  can  be  made  use- 
ful as  a  fuel  by  manufacture,  it  is  the  woodless  and  coalless 
region  ot  southern  and  western  Minnesota. 

4.  Cautious  experimentation  should  be  carried  on  by 
those  interested  in  the  subject,  with  the  view  to  test  the 
comparative  cyst  ot  peat,  wood  and  coal,  at  the  prices 
current  in  different  localities. 

5.  The  farmers,  and  others  who  need  fuel,  but  do  not 
have  means  to  produce  a  condensed  peat,  can  take  out  in 
mid- summer  a  winter's  supply,  from  the  turf  peat  found  on 
many  farms  in  the  prairie  region,  but  they  will  generally 
not  find  it  possible  to  utilize  the  real  peat  deposits  without 
some  method  of  manufacture.  They  will  be  too  apt  to 
crumble,  and  thus  make  a  slow,  smoldering  fire. 

6.  There  is  no  known  instance  of  the  existence  of  peat, 
in  Minnesota  along  river  valleys,  on  the  bottom  lands, 
where  the  surface  is  subject,  at  the  present  time,  to  inunda- 
tion by  spring  freshets. 

7.  There  are  old  river  channels,  or  valleys  of  excavation^ 
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both  in  the  drift  and  between  rocky  bluffs,  that  no  longer 
exist  as  rivers,  which  contain  considerable  deposits  of  peat. 

8.  There  are  depressions  in  the  rolling  drift  surface,  in 
8ome  localities,  which,  fed  by  invisible  springs,  maintain  a 
nearly  uniform  stage  of  water  throughout  the  year,  and 
may  hold  peat  of  the  best  quality, 

9.  But  a  small  portion  of  the  State  has  been  examined. 
In  that  a  much  smaller  amount  of  peat  was  found  than  had 
been  anticipated.  Other  portions,  and  especially  the  cen- 
tral southern  counties,  are  believed  to  promise  more  peat 
than  the  counties  examined.  According  to  Dr.  C.  A.  White, 
State  Geologist  of  Iowa,  a  peat  bearing  belt  enters  Minne- 
Bota  irom  the  south,  bounded,  in  general,  by  the  Des  Moines 
on  the  west,  and  the  Cedar  on  the  east. 

10.  Large  quantities  of  peat  are  believed  to  exist  in  the 
northern  part  of  the  State,  many  of  the  cranberry  marshes 
being  peat  bogs  of  great  purity. 

11.  The  value  of  peat  as  a  common  fuel   having  been 
demonstrated,  and  its  existence  in  sufficient  quantities  within  . 
the  State  having  been  ascertained,  it  becomes  a  legitimate 
expedient  for  the  State  to  stimulate  the  givention  ot  success- 
ful methods  of  utilizing  it  by  offering  rewards. 


III. 

THE  GEOLOGY  OF  THE  MINNESOTA 
VALLEY, 


(a)      PBBLIMINAR7   CONSIDERATIONS. 

In  the  fall  and  winter  of  1766  Jonathan  Carver  explored 
the  valley  of  the  Minnesota,  but,  aside  from  the  mention  of 
the  rapids  near  Shakopee,  he  has  given  no  information  of 
the  geology  ol  the  valley,  although  he  claims  to  have  ascend- 
ed it  a  distance  of  two  hundred  miles  above  Mendota. 

The  expedition  of  Maj.  S.  H.  Long  was  undertaken  in 
1823,  by  order  of  John  C.  Calhoun,  Secretary  of  War. 
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The  able  historiographer  to  the  expedition  was  Wm.  H. 
Keating,  who  also  served  as  geologist.     He  was  appointed 
from  the  University  of  Pennsylvania,  where  he  occupied  the 
chair  of  Mineralogy  and  Chemistry.     This  party  ascended 
in  canoes  a  distance  of  130  miles,  when  they  abandoned 
them  for  the  land,  followino;  the  valley  to  Big  Stone  Lake, 
thence  descending  the  Red  River  valley  to  Lake  Winnipeg. 
The  observations  of  Prof.  Keating  on  the  geology  of  the 
Minnesota  valley,  afe  the  earliest,  with  the  exception  of  the 
doubtful  accounts  of  Le  Sueur,  of  the  copper  mines  on  the 
Blue  Earth,  that  we  have  any  knowledge  ot,  although  an 
old  map  accompanying  the  Recueill  de  Voyages^  published 
in  Amsterdam  in  1720,  shows  a  <*  coal  mine  "  located  some 
distance  up  the  Minnesota.     They  were  made  with  that 
haste  which  a  traveling  geologist  always  finds  unavoidable 
when  he  is  acting  simply  as  an  accompaniment  to  an  expe- 
dition, instead  of  its  guide  and  commander.     No  time  could 
be  spared  to  indulge  the  geologist  in  making  such  detailed 
observations  as  would  enable  him  to  state  emphatically  the 
bearings  of  isolated  facts,  which  he  picked   up,  on  each 
other,  or  to  generalize  with  any  certainty.     He  could  simply 
act  as  a  gatherer  ot  facts.     His  success  lay  in  the  exactness 
and  fullness  of  his  observations.     Prof.  Keating's  geological 
observations  may  be  summarized  in  the  following  descending 
section^: 

1.  The  blaff  at  Fort  Snelling,  made  up  of  (a)  slaty  or  splintery  lime- 

stone, 8  feet;  (b)  blae  limestone,  nsefal  for  building,  15-20  feet; 

(c)  sandstone,  60  feet;  (d)  earthy  argillaceous  limestone,  10  feet; 

(d)  crystalline  and  congiomeritic  limestone,  4  feet;  (e)  a  lime- 
stone of  finer  grain  and  more  earthy  texture  than  the  last,  in  which 
the  river  is  excavated  at  the  Fort.  Keating  is  the  only  geologist 
that  has  ever  reported  limestone  in  situ  below  the  sandstone  (c)  at 
Fort  Snelling.  Six  miles  below  the  small  Indian  village  Weaka- 
ote,  he  notes  the  occurrence  of  the  Little  Rapids,  caused  by  a 
sandstone  in  horizontal  stratification  <*  in  every  respect  similar  to 
that  found  at  Fort  St.  Anthony."  The  same  sandstone  is  again 
mentioned  as  occurring  near  Kasota,  having  horizontal  ledges  of 
rock  overlying  it,  supposed  to  be  the  same  as  seen  at  Fort  Snelling. 
The  banks  of  the  Redwood  river,  near  its  mouth,  are  said  to  be 
made  up  of  *'  a  fine  white  sandstone." 

2.  *'  Primitive  rock"  was  first  seen  in  titu,  several  miles  above  Fatter- 

son's  Rapids,  which  are  a  few  miles  above  the  mouth  of  the  Red- 
wood river,  and  was  examined  very  careftilly  and  described  in  de- 
tail. He  remarks  In  general :  *'  It  seemed  as  If  four  simple  mine- 
rals, quartz,  feldspar,  mica  and  amphibole,  had  united  here  to  pro- 
duce almost  all  the  varieties  of  combination  which  can  arise  from 
the  association  of  two  or  more  of  these  minerals."  Owing  to  its 
confhsed  and  various  composition,  he  compares  it  to  that  seen  at  a 
subsequent  period  of  the  expedition,  between  Lake  Winnipeg  and 
the  Lake  of  the  Woods.  He  regards  all  that  section  of  coantry, 
between  Patterson's  Rapids  and  the  Upper  Mississippi,  and  thence 
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to  Fort  Alexander,  at  the  month  of  Winnipeg  river,  as  nnderlaln 
by  gjanite  and  slenitlc  granite.  These  rocks  are  again  mentioned 
at  a  point  five  leagues  above  Lacqal  Parle,  at  the  month  of  Spirit 
Mountain  Creek. 

In  the  fell  of  1835,  Gr.  W.  Featherstonhaugh's  ascent  of 
the  Minoesota  occurred.  His  geological  observations  were 
very  meagre.  He  took  the  pains  to  ascend  the  Blue  Earth 
a  short  distance  in  search  of  the  copper  mine  of  Le  Sueur. 
Keating  did  not  visit  it,  passing  it  with  the  simple  remark 
that  he  believed  the  substance  obtained  by  Le  Sueur  to  be 
a  phosphate  of  iron,  judging  simply  by  its  color.  Mr. 
Featherstonhaugh  says  :  **  The  Mahkatoh  appears  to  form 
about  halt  the  volume  of  the  St.  Peter's,  and  is  a  ver  yrapid 
stream.  The  Sissitons  we  had  met,  told  us  it  forked  eleven 
times,  and  that  the  branches  abounded  in  rapids  and  shal- 
low places.  About  twelve,  we  came  to  a  fork  or  branch 
coming  in  on  our  right,  about  forty-five  yards  broad,  and 
we  turned  into  it,  having  a  well  wooded  bluff  on  the  right 
bank  about  ninety  feet  high.  The  stream  had  very  little 
current,  owing  to  the  main  branch,  which  we  had  just  left, 
rushing  down  with  great  velocity  and  making  back-water 
here.  We  had  not  proceeded  three-quarters  of  a  mile  when 
we  reached  the  place  which  the  Sissitons  had  described  to 
us  as  being  that  to  which  the  Indians  resorted  for  their  pig- 
ment. This  was  a  bluff  about  150  feet  high  on  the  left 
bank,  and  from  the  slope  being  very  much  trodden  and  worn 
away,  I  saw  at  once  that  it  was  a  locality  which  for  some 
purpose  or  other  had  been  frequented  from  a  very  remote 
period.  We  accordingly  stopped  there,  and  I  told  the  men 
to  make  a  fire  and  warm  themselves,  whilst  I  examined  the 
place. 

*  "As  soon  as  I  had  reached  that  part  of  the  bluff  whence 
the  pigment  had  been  taken,  Le  Sueur's  story  lost  all  credit 
with  me,  for  I  instantly  saw  that  it  was  nothing  but  a  con- 
tinuation of  the  seam  which  divided  the  limestone  from  the 
sandstone,  and  which  I  have  before  spoken  of  at  the  Myah 
Skah,*  as  containing  a  silicate  of  iron  of  bluish-green  color. 
The  concurrent  account  of  all  the  Indians  we  bad  spoken 
with,  that  this  was  the  place  the  aborigines  had  always  re- 
sorted to  to  procure  their  pigment,  and  the  total  silence  of 
everybody  since  Le  Sueur's  visit,  respecting  any  deposit 
of  copper  ore  in  this  or  any  other  part  of  the  country,  con- 
vinced me  that  the  story  of  his  copper  mines  was  a  fabulous 

nfrah  Skahls  "  White  Bock  Bluff,"  sopposed  to  be  the  bluff  at  Ottawa,  in  Le  Soenr 
coQa^. 

17 
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one,  most  probably  intended  to  raise  himself  in  importance 
with  the  French  government  of  that  day.  Charlevoix  hav- 
ing stated  that  the  mine  was  only  a  league  and  three-quar- 
ters from  the  mouth  of  the  Terre  Bleu,  made  it  certain  that 
I  was  now  at  that  locality,  and  the  seam  of  colored  earth 
gave  the  key  to  the  rest.  Le  Sueur's  account  of  the  mine 
being  at  the  foot  of  a  mountain  ten  leagues  long,  was  as  idle 
as  the  assertion  that  he  had  obtained  30,000  pounds  of  cop- 
per ore  in  twenty  two  days,  for  there  is  nothing  like  a 
mountain  in  the  neighborhood.  The  bluff,  to  be  sure,  rises 
to  the  height  of  about  150  feet  from  the  river ;  but  when 
you  have  ascended  it  you  find  yourself  at  the  top  of  a  level 
prairie,  so  that  what  might  to  an  inexperienced  traveler 
appear  to  be  a  mountainous  height,  is  nothihg  but  the  sum- 
mit of  the  gorge  which  the  river  has  cut  out."  [Canoe 
Voyage  up  the  Minnay  Sotor^  Vol.  l,p.  303-] 

With  the  exception  of  an  occasional  mention  ot  granite 
in  place,  and  a  very  brief  notice  of  the  red  quartzite  near  the 
mouth  of  the  Waraju  river,  the  foregoing  is  the  only  geo- 
logical note  of  importance  recorded  by  Mr.  Featherston- 
haugh  on  the  valley  of  the  Minnesota. 

In  the  survey  of  Wisconsin,  Iowa  and  Minnesota  by  Dr. 
D.  D.  Owen,  the  examination  of  this  river  was  committed  to 
Dr.  B.  F.  Shumard.  Dr.  Shumard  and  his  party  ascended 
the  valley  ia  canoes  as  far  as  the  Redwood  river,  where  he 
was  attacised  with  pleurisy,  and  was  compelled  to  abandon  the 
further  prosecution  of  the  survey.  This  was  in  June,  1848. 
His  report  exhibits  the  first  attempt  ever  made  to  parallel- 
ize the  rocks  of  the  valley  with  those  of  ihe  rest  of  the  state, 
and  determine  their  geological  age,  and  their  equivalents  in 
other  states,  by  reference  to  a  standard  of  comparison. 
That  standard  was  a  nomenclature  adopted  by  the  chief  of 
the  survey,  based  on  the  New  York  survey,  as  follows,  with 
its  equivalents : 

No.  1.  J^oTfMUion  8,  (7.  Coralline  aod  Pentamerns  beds  of  the  Upper 
Magnesian  Limestone.    (The  Niagara  Gronp  of  New  York.) 

No.  2.  Formation  8,  B.  Lead- bearing  beds  of  the  upper  Magnesian  Lime- 
stone.    (The  Utica  Slate  and  Uadson  River  Groap.) 

No.  8.  Formation  8,  A.  Shell-bed.  (The  Trenton  and  Black  Biver  Lime- 
stone, of  New  York.) 

No.  4.  Formation  2,  C  Upper,  white  saccharoid  sandstone,  or  St.  Peter 
sandstone. 

No.  5.  Formation  2,  A.  and  B.  Low.  Magnesian  Limestone.  (The  Cal- 
ciferoQS  sandrock  of  New  York.) 

No.  6.  Formation  1.  Lower,  light-colored  quartzose  sandstone.  (The 
Potsdam  sandstone  of  New  York.) 

No.  7.  Bedj  Argillaceous  and  Ferruginous  sandstones,  (Supposed  to  be 
a  downward  extension  of  the  Potsdam  sandstone.) 


Digitized  by  VjOOQIC 


UNTVIBBSITY  OS*  MINinCSOTA.  181 

Of  these  Dr.  ShumaFd  recognized  Nos.  3  and  4  at  the 
mouth  of  the  river,  in  the  Fort  Snelling  bluff.  At  Shako- 
pee,  and  thence  to  the  Little  Rapids,  he  notes  No.  5.  The 
sandstone  at  the  last  place  he  regards  as  belonging  to  a  form- 
ation several  hundred  feet  below  the  white  sandstone  of  No. 
4,  probably  to  No.  6.  At  "  White  Rock  Bluff,*'  situated 
OD  the  right  bank  of  the  river,  about  six  miles  below  Traverse 
des  Sioux,  he  regards  the  exposed  section  to  consist  of  No. 
6,  capped  with  No.  5,  about  fifty  feet  of  the  former  and 
fifteen  of  the  latter.  The  same  formations  are  exposed,  at 
intervals,  to  the  mouth  of  the  Blue  Earth  river,  where  the 
section  is  said  to  be  similar  to  that  of  White  Rock  Bluff. 
Ascending  the  Blue  Earth  river  six  or  eight  miles  and  ob- 
serving the  same  geological  horizon  as  far  as  he  went,  he 
notes,  subsequently,  two  or  three  exposures  of  No.  6  before 
reaching  the  mouth  of  the  Waraju  river,  one  being  two  miles 
below  the  mouth  of  that  stream.  The  red  quartzite  at  the 
mouth  of  the  Waraju  he  regards  as  the  lower  beds  of  No.  6, 
more  or  less  altered  by  metamorphism  where  they  abut  upon 
the  igneous  rocks.  He  also  notes  conglomerate  and  granite 
outcrops  about  a  mile  in  a  straight  line  above  the  mouth  ot 
the  Waraju.  He  mentions  granite  at  La  Petite  Roche,  twen- 
ty-five miles  above  the  mouth  ot  the  Waraju,  and  at  frequent 
other  points  before  reaching  the  Redwood.  He  describes 
an  interesting  exposure  two  or  three  miles  below  the  mouth 
of  this  river. 

There  will  be  further  occasion  to  refer  to  Dr.  Shumard's 
report,  since,  although  in  the  msin  corroborated  by  the  ob* 
servations  of  the  past  season,  additional  facts  have  been 
gathered  which  necessitate  some  change  in  his  parallelisms. 

(b)      THE  TRENTON  UMSSTONE  AND  SHALES.  " 

After  leaving  the  immediate  vicinity  of  the  mouth  of  the 
river,  this  formation  is  not  seen  again  throughout  its  course, 
consequently  no  new  facts  can  be  given  respecting  its  char-* 
acters  or  extent,  except  those  noted  in  Dakota  county. 

The  quarry  of  Daniel  F.  Aiken  is  a  mile  and  a  half  north- 
west of  Farmington,  on  Sec.  24,  T.  114,  R.  20.  .  The  beds 
show  a  considerable  disturbance,  and  a  portion  of  the  usual 
building-stone,  belonging  to  No.  4  of  the  section  below,  ap- 
pears to  be  wanting  from  that  cause.  Yet  Mr.  Aiken  is  pos- 
itive that  no  greater  thickness  ot  No.  4  exists  there  than  thai 
seen. 
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Section  at  Daniel  F.  Aiken*s  Quarry  ^  near  FarmingUm^ 

Dakota  Co. 

No.  1.  Shattered,  loose  beds  of  limestone 6  feet, 

No.2.  Shale : 6    " 

Ko.  8.  Stone,  which  cruinbles  to  shale 2    *< 

1^0,  4.  The  Minneapolis  quarry  stone 4    *' 

Total 17  feet. 

In  traveling  south  on  the  Sioux  City  Railroad,  from  Fort 
Snelling,  the  form  of  the  brow  of  the  bluffs  of  the  Minnesota 
▼alley,  appear  to  lose  the  Trenton  on  the  east  side  of  the 
river  several  miles  sooner  than  on  the  west  side.  On  the 
east  side  the  limestone  extends  about  three  and  a  half  or 
four  miles  above  the  fort.  On  the  west  side  it  seems  to  oon- 
tinue  in  the  bluffs,  though  hid  from  sight,  for  a  distance  of 
nix  or  eight  miles. 

(C)      THB   ST.   PETER  SANDSTONE. 

This,  like  the  Trenton  overlying,  also  disappears  from 
view  soon  after  leaving  Fort  Snelliog.  Owing  to  its  de- 
etructible  nature,  it  is  very  rarely  seen  except  when  pro- 
tected by  the  Trenton.  Yet  at  one  other  point  has  it  been 
discovered  in  the  Minnesota  valley.  A  very  interesting  ob- 
servation was  made  at  the  Asylum  quarry,  at  St.  Peter,  in 
Nicollet  county.  The  stone  there  wrought  is  the  first  below 
the  St.  Peter  Sandstone,  the  Shakopee  limestone,  the  upper- 
most member  of  the  Lower  Magnesian.  In  the  top  of  the 
quarry,  where  the  -workmen  had  stripped  off  the  loose  drift 
materials,  about  two  feet  of  a  white,  triable  sandstone  were 
seen.  With  a  thin  strip  of  green  shale  about  midway  in  it. 
This  lay,  in  place,  over  the  limestone,  and  afforded  the  only 
recorded  observation  ever  made  on  the  very  base  of  the  St. 
Peter  Sandstone.  It  seems  to  maintain  its  strictly  arenace- 
ous character,  or  very  nearly  so,  to  its  very  contact  with  the 
limestone.  This  observation  confirmed  the  belief,  derived 
from  the  examination  of  the  valley  to  that  point,  that  the 
St.  Peter  and  the  Kasota  quarries  were  in  the  same  horizon 
as  the  Shakopee  quarries,  and  that  they  all  occur  within  the 
first  thirty  feet  below  the  St.  Peter  Sandstone. 

A  friable,  white  sandstone,  believed  to  be  the  St.  Peter, 
was  again  observed,  about  two  miles  above  the  mouth  of  the 
Maple  river,  in  the  banks  of  which  it  affords  a  number  of 
exposures.     Those  examined  were  in  the  northeastern  part 
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of  Sapidan  township,  in  Blue  Earth  county,  (T.  107,  B.  27, 
Sees.  11, 12  and  13).  It  is  here  underlain  by  about  two  feet  of 
a  greenish- blue  clay,  and  is  associated  with  concretionary 
and  irregular  sheets  of  brown  haematite.  In  the  banks  of 
the  Maple,  where  the  Shakopee  limestone  is  exposed  and 
somewhat  quarried,  there  are  occasional  missing  places  in 
{he  beds  of  that  formation.  If  by  the  action  of  the  river  the 
section  is  kept  clear,  so  as  to  remove  the  drift,  this  bed  of 
clay  can  be  seen  lying  with  distorted  and  dishing  strata  in 
these  intervals.  The  strata  are  sometimes  not  preserved, 
but  the  masses  appear  as  if  thrust  into  the  excavation  in  the 
Shakopee  limestone,  and  are  very  sandy.  In  other  cases 
the  clay  seems  to  have  been  shaped  in  layers  conformable  to 
the  surface  of  the  Lower  Magnesian,  but  unconformable  with 
its  bedding.  At  one  place  the  following  section  can  be 
made  out : 

Section  in  Rapidan^  Blue  Earth  Co. 

No.  1.    AHuvinm.. 15  feet. 

No.  2.    Irony  crag  and  Impure  iron  ore 2    '* 

Ho.  3,    Greenish  bedded  clay 2    *• 

No.  4.    Strata  of  Shakopee  limestone,  more  or  less  stained  and 

encru9ted  wilh  iron 4    ** 

Total ••    8  feet« 

These  parts  are  arranged,  relatively  to  each  other,  accord- 
ing to  the  annexed  diagram :  • 

Ifatural  tvffaee. 


Albirium    iSft 


The  white  sand  which  here  is  supposed  to  belong  to  the 
St.  Peter,  but  which  may  belong  to  the  Cretaceous,  is  in 
some  way  associated  with  this  iron  ore.  It  seems  to  lie  in 
patches,  sometimes  just  below  the  iron,  and  in  other  places 
where  the  iron  is  wanting.  It  seems  to  lie  above  the  clay 
or  shale  (No.  3  of  the  section),  its  position  being  the  same 
as  that  seen  at  St.  Peter. 

At  other  places,  a  little  above  the  point  of  the  foregoing 
section,  the  iron  and  sand  are  found  irregularly  mingled. 
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the  iron  occurring  in  the  form  of  coocretionary  sheets,  at 
least  in  sheets  that  enclose  cavities.  As  much  as  four  feet 
of  this  sand  can  here  be  made  out,  but  the  clay  layer  can- 
not be  seen. 

At  a  point  a  few  rods  further  up,  this  white  sand  can  be 
seen  in  a  bluff  on  the  left  bank  ot  the  river  (probably  on  sec. 
13,)  rising  40  or  50  feet,  its  exact  upward  limit  being  hid 
by  the  drift.  At  the  bottom  of  this  bluff  the  Shakopee 
limestone  is  exposed  in  the  form  of  a  rounded,  water-worn 
buttress,  rising  in  a  solid  mass  about  twelve  feet  above  the 
river.  About  this  bare  rock,  which  exposes  not  more  than 
BL  square  rod  surface,  or  200  square  feet,  are  fallen  pieces  of 
the  iron  ore  mentioned.  The  rock  itself  seems  coated  with 
thin  layers  of  irony  stone,  which  yet  appear  calcareous. 
Ifo  clay  or  shale,  the  equivalent  of  No.  3,  of  the  last  section, 
can  be  seen.  Overlying  this  iron  and  mingled  with  it,  is  a 
deposit  of  white  sand,  rising,  as  .already  stated,  about  fifty 
feet.  This  sand  is  so  incoherent  that  one  cannot  ascend  it. 
It  slides  like  drift  sand,  yet  is  perfectly  homogeneous  as  sand^ 
without  any  resemblance  to  any  drift  sand.  It  is  purely 
white.  It  is  mainly  massive ;  yet  irregular  lines  of  sedi- 
mentation can  be  seen  in  it.  Also  variously  arranged  in  it  are 
little,  thin  deposits  of  shale  which  probably  were  green  till 
faded  and  oxydized.  These  are  sometimes  an  inch  thick, 
but  usually  not  more  than  one-fourth  of  an  inch.  They  ate 
in  detached,  lenticular  patches,  and  not  now  plastic,  but 
soapy.  No  fessils  can  be  seen.  It  seems  to  lie  unconform- 
ably  on  the  Lower  Magnesian^  separated  only  by  a  thin  bed 
of  greenish-blue  shale.  (Compare  Oeological  Survey  of 
Missouri,  1865-71,^.  142.) 

At  a  point  a  little  further  along,  this  sand  is  more  persist- 
ent, and  shows  horizontal  bedding,  by  reason  of  the  man- 
ner of  its  falling  down  from  the  bluff.     Beds  3-8  inches. 

In  the  banks  of  the  Watonwan,  at  Garden 'City,  in  Blue 
Earth  county,  are  further  exposures  of  the  St.  Peter,  at 
least  of  the  sandstone  already  mentioned  in  Rapidan  on  the 
Le  Sueur.  It  is  here  associated  with  more  or  less  clay, 
crag,  and  iron  and  lime  cement.  A  heavy  deposit  of  drift 
crag  may  be  seen  on  E.  T.  Norton's  place,  and  also  on  Elder 
A.  Case's  land,  on  the  right  bank,  opposite  Mr.  Norton's. 
Under  the  crag  is  clean  white  sand.  'A  little  further  up  in  the 
bluff  is  red  and  blue  clay,  belonging,  undoubtedly,  to  the 
Cretaceous.  This  crag  is  sometimes  made  up  of  this  white 
sand  cemented,  with  little  gravel,  and  seems  then  to  be  derived 
mainly  from  the  St.  Peter,  more  or  less  disturbed  by  drift 

Digitized  by  VjOOQIC 


UKIVEBSITY  OF  MINNXSOTA.  136 

forces.  It  lies  on  Mr.  Case's  land,  in  a  continuous  layer 
along  the  bluff,  and  projects  like  a  bed  of  rock,  the  inco- 
herency  of  the  underlying  white  sand  causing  it  to  ciumble 
out.  This  is  also  shown  on  the  north  side  of  Mr.  Case's 
land,  along  the  bluff  where  the  current  of  the  river  has  kept 
the  surface  fresh.  This  sandstone  is  again  exposed  in  the 
banks  of  the  river  about  two  miles  above  Garden  City. 

Further  examination  of  the  St.  Peter  was  made  in  Dakota 
county.  An  outlier  of  the  St.  Peter,  situated  in  Sec.  11, 
T.  144,  N.  19  W.,  is  known  as  Lone  Eock^  owing  to  its 
rising  in  the  midst  of  a  prairie  and  forming  a  very  conspic- 
uous object  for  a  great  many  miles  in  all  directions.  From 
its  summit,  which  is  about  a  hundred  feet  higher  than  the 
surrounding  prairie,  can  be  seen  toward  the  east,  the  crests 
of  several  other  outliers  of  the  same  stone  within  a  mile  or 
two,  one  of  which  is  known  as  Chimney  rock,  while  still 
turther  east  the  eye  looks  upon  the  bluffs  of  the  opposite  side 
of  the  Mississippi.  Toward  the  south  the  valley  of  the  Ver- 
million spreads  out  in  a  broad  basin.  Farmington  village 
is  situated  to  the  southwest,  and  the  spacious  grain  elevator 
of  the  station  of  Eosemount  is  a  conspicuous  object  toward 
the  northwest.  The  country  immediately  surrounding  is  a 
treeless  prairie,  for  the  most  part  a  level*  In  the  midst  of 
this  flat  these  knobs  of  the  St.  Peter  rise,  forming  knolls  on 
which,  when  suflSciently  turfed,  two  or  three  species  of  oak, 
and  a  variety  of  shrubs,  maintain  a  stunted  growth.  In  the 
rocky  knoll  named  Lione  Eock  there  is  a  marked  dip  of  the 
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strata,  5  to  10  degrees,  near  the  north 
end,  toward  the  south  ;  besides  irreg- 
ularities of  sedimentation  that  great- 
ly resemble  dip.     The  rock  rises  in 
the  form  of  an  interrupted  ridge,run- 
ning  north  and  south,  and  extends 
about  twenty-five  rods.     The  height 
from  the  surface  of  water  standing 
in  a  little  excavation  on  the  northern 
flank  of  the  blufi*,  to  the  base  of  the 
bare  rock  is  12  feet  4  inches,  meas- 
ured by  Mr.  Furber,  by  Locke's  lev- 
el ;  from  the  lowest  rock  seen  to  the 
top  of  the  rock  is  40  feet  11  inches, 
by  the  same.     There  are  indications 
on  the  top  of  the  rock  that  the  form- 
ation did  not  extend  much  higher. 
The  grains  are  coarser,  and  the  lin- 
ing cement  is  more  abundant.     The 
weather  has  also  caused  it  near  the 
top  to  show  thin  beds  of  one  half  to 
one  and  a  half  inches.     The  rock  is 
about  20  feet  wide  at  the  northern 
end,  but  tapers  to  two  or  three  feet; 
then  swells  out  in  a  sort  of  zigzag 
ridge,  and  after  one  or  two  interrup- 
tions, disappears  under  turf  on  which 
grow  shrubby  oaks.     The  southern 
extremity   is   rocky   again  like  the 
northern.     The  dip  mentioned  only 
shows  at  the  northern  extremity  of 
the  ridge.     In  the  valleys  about,  the 
drift  prevails,  and  boulders  may  be 
seen.     The  adjoining  diagram  shows 
the  form  and  windmg  contour  of  the 
ridge. 

Another  of  these  outliers  is  known 
as  Castle  Rock.  It  is  situated  in  Sec. 
32,  T.  113  N.,  R.  19  W.,  Dakota 
county.  The  following  diagrams 
show  the  elevation  and  aspect  of  this 
rock  from  the  west,  south  and  south 
east  :* 

*  FeatherBtonhaagh  gives  a  wood-cut  of  Castle 
Rock,  drawn  by  a  *'  traveller**  who  had  visited  it. 
He  locates  it  near  the  soarces  of  Le  Grand  Ores  river, 
supposed  to  be  Sand  Creek. 
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View  of  Castle  Rock  from  the  West. 
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View  i J  Cci^ih  liul'Jrom  the  South. 
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AKKU^L  BBPOBT. 
View  qf  Castle  Rock  from  the  South-EasL 


There  is  another  exposure  of  the  St.  Peter  on  Sec.  22,  T. 
114  N.,  B.  19  W.9  about  a  mile  and  a  half  west  of  Empire 
City,  in  Dakota  county,  within  the  river  bluffs  of  the  Ver- 
milion, and  on  the  north  side  of  the  immense  slough  that 
lies  on  that  side  of  the  river.  It  is  somewhat  quarried  for 
foundation  stone.  The  beds  exposed  are  under  about  two 
feet  of  drift,  and  about  twelve  feet  above  the  level  of  the 
slough.  They  lie  horizontal.  This  indicates  that  the  whole 
vnlley  of  the  Vermilion,  at  that  point,  where  it  is  said  to 
have  its  greatest  width,  is  wrought  in  that  sandstone. 

(d)      THE   SHAKOPEE   LIMESTONE. 

This  limestone  belongs  to  the  great  Lower  Magnesian 
Formation,  and  is  the  uppermost  member  of  it.  In  ascend- 
ing  the  Minnesota  valley  its  first  outcrop  is  seen  at  Shako- 
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pee,  in  Soott  county,  where  it  is  wrought  for  quicklime. 
It  18  again  exposed  at  Louisville,  in  the  same  county,  five 
miles  above  Shakopee.  A  short  distance  above  Louisville 
it  receded  from  the  river,  and  the  underlying  sandstone,  seen 
at  Jordan,  comes  to  the  surface  with  a  gentle  dip  to  the  N. 
or  N.E.,  forming  the  ''  Little  Rapids"  in  the  river,  and  af- 
fording a  useful  building-stone  at  the  quarries  at  Jordan. 
In  turn  this  sandstone,  by  the  same  dip,  is  driven  back  from 
the  immediate  valley,  and  a  lower  limestone  is  seen,  as  at. 
St.  Lawrence,  having  different  physical  characters,  yet  be- 
longing to  the  great  Lower  Magnesian. 

At  Ottawa  and  Kasota,  as  also  at  St.  Peter,  the  Shakopee 
limestone  has  returned.  It  thence  continues  in  the  valley 
of  the  Minnesota,  sharing  its  banks  with  the  underlying 
Jordan  sandstone,  to  Mankato,  where  a  fine  exposure  of  the 
beds  of  both  may  be  seen.  As  the  river  there  changes  its 
direction  it  soon  passes  aiivay  from  the  area  of  the  Shakopee 
limestone,  although  there  are  several  fine  outcrops  on  the 
Bine  Earth,  and  on  its  tributaries  the  LeSueur,  the  Cobb 
and  the  Maple,  as  far  south  as  the  township  of  Bapidan.  It 
IB  also  exposed  on  the  Watonwan,  at  Garden  City,  and 
gives  rise,  as  at  other  places  in  the  sama  township,  to  valu- 
able mill  sites. 

This,  in  general,  is  the  course  of  the  Shakopee  limestone. 
It  has  formerly  been  supposed  to  represent  the  whole  of  the 
Lower  Magnesian,  or  For.  2  of  Dr.  Owen.  Its  thickness  is 
about  70  feet.  The  underlying  sandstone  is  about  50  feet 
thick.  The  thickness  of  the  next  member  of  the  Lower 
Magnesian  has  not  yet  been  made  out.  It  is  visible  at  St. 
Lawrence,  in  Scott  county,  and  at  Judson,  in  Blue  Earth 
county.  This,  it  will  be  observed,  is  not  in  keeping  with 
the  age  given  the  Jordan  sandstone  by  Dr.  B.  F.  Shumard. 
He  referred  the  sandstone  at  Little  Bapids,  and  that  under- 
lying the  limestone  at  Mankato,  to  For.  1,  of  Dr.  Owen's 
series,  which  he  made  the  equivalent  of  the  Potsdam,  of  New 
York.  The  Lower  Magnesian,  however,  in  the  bluffs  of  the 
Mississippi,  at  Winona,  and  at  other  points,  is  over  iwo 
hundred  feet  thick.  In  approaching  St.  Paul  its  thickness 
grows  no  less.  It  would  be  a  singular  phenomenon,  to  say 
the  least,  if  at  Shakopee,  less  than  forty  miles  from  Hastings 
where  it  has  its  full  development,  it  should  have  become  re- 
duced to  less  than  seventy-five  feet.  The  existence  of  a 
heavy,  calcareous  formation  below  the  Jordan  sandstone, 
demonstrated  by  the  observations  of  the  past  season,  as  de- 
tailed in  the  following  pages,   proves  beyond  all  question 
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that  the  Jordan  sandstone  has  been  erroneously  referred  to 
the  Potsdam  age.  The  Shakopee  limestone  also  maintains 
a  distinct  horizon  in  passing  to  the  east.  It  was  seen,  in  the 
season  of  1872,  at  Quincy,  in  Olmsted  county,  and  was  men- 
tioned in  the  report  of  progress  for  that  year  (page  82). 

This  assignment  of  the  Jordan  sandstone  to  the  great 
Lower  Magnesian  formation  is,  on  the  other  hand,  in  har- 
mony with  the  reports  of  the  Missouri  geologists  who  de> 
scribe  that  formation  as  made  up  of  a  series  of  alternating, 
yet  constant,  calcareous  and  arenaceous  members.  To  what 
exlent  the  lower  part  of  the  Lower  Magnesian  may  be  thus 
subdivided,  and  whether  it  corresponds  to  any  extent  with 
the  Missouri  subdivisions,  it  is  not  now  possible  to  say. 

Section  at  Shakopee^  in  Scott  County. 

No.  1.  Can  hardly  be  separated  fl*om  the  rest,  bat  seems  more 
shattered  and  thinner  bedded.  It  also  contains  some 
chert.  It  is  crystalline  and  porous,  with  no  regularity 
ofbedding 6-8feet 

No.  2.  An  irregular  layer  of  sandstone,  or  of  very  sandy  lime- 
stone, used  for  building  stone,  making  some  good  faces ; 
beds  about  8  inches 2  feet 

No.  8.  Rather  heavier  beds  of  hard  grey  limestone,  of  a  magne- 
sian texture  and  feel.  These  beds  are  sometimes  crack- 
ed and  checked  in  all  directions,  and  pass  into  fine- 
grained patches,  and  then  thicken  again.  These  thin 
beds  are  not  infrequently  wavy  or  contorted  within  the 
mass.  Purgatories  are  also  common  in  the  face  of  the 
bluff  through  all  the  parts 10-18ft. 

Section  at  Louisville^  Scott  County. 

The  quarry  of  Mr.  G.  Baptiste  Contre  shows  a  much  dis- 
turbed and  shattered  condition  ot  the  layers,  with  frequent 
green  stains  as  if  of  carbonate  of  copper.  No  constant  gen- 
eral  section  ot  the  bedding  can  be  given,  but  the  lower  eight 
or  ten  feet  are  of  a  reddish  color  and  in  heavier  beds.  This 
quarry  shows  very  evidently  the  effect  of  volcanic  upheaval 
or  disturbance.  In  general  it  bears  a  close  resemblance  to 
the  stone  seen  at  Shakopee.  Twenty  feet,  more  or  less,  caa 
be  seen.  The  quarry  is  in  a  bluff  or  terrace,  facing  the 
river,  yet  is  separated  from  the  river  by  another  terrace  of 
the  same  hight,  made  of  the  same  layers  of  rock,  facing 
away  from  the  river.  This  latter  rises  as  an  island ,  about 
80  feet  above  the  river  bottom. 

The  same  rock  is  more  or  less  exposed  in  the  road  from 
Shakopee,  for  a  mile,  before  reaching  Louisville.  At  Sha- 
kopee— and  the  same  is  true  most  of  the  way  to  Louisville- 


Digitized  by  VjjOOQIC 


UNIYBRSITT   OF  MINKESOTA.  141 

this  limestone  is  the  cause  of  a  distinct  terrace,  which  rises 
about  80  feet  above  the  bottoms.  On  the  surface  of  this 
terrace  a  great  many  boulders  of  northern  origin,  often  re- 
markably large,  are  strewn,  the  close  proximity  of  the  rock 
preventing  them  from  disappearing  in  the  thin  alluvium. 
As  the  direction  of  the  river  seems  not  to  coincide  with  the 
direction  of  the  strike  of  the  limestone,  it  soon  passes  on  to 
tiie  belt  of  the  sandstone  seen  in  the  Little  Rapids,  and  at 
Jordon,  the  transition  from  the  former  stone  to  the  latter 
being  indicated  by  a  change  in  the  character  of  the  river 
blofis,  and  the  terrace  already  mentioned.  A  short  distance 
below  the  mouth  of  Sand  Creek  the  limestone  affords  an 
exposure  in  the  right  bank  of  the  river,  while  the  creek 
itself  is  on  the  sandstone.  The  sandstone  there  is  the  only 
rock  visible  in  the  river,  as  far  as  to  St.  Lawrence,  which  is 
in  T.  114,  B.  24,  Scott  county.  I'he  limestone  there  ex- 
posed lies  below  the  sandstone,  and  will  be  described  in  an- 
other place.  With  the  exception  of  a  slight  exposure  a  mile 
or  two  below  Belle  Plaine,  and  another  near  Blakeley,  the 
rock  is  not  seen  again  on  the  east  side  until  reaching  White 
Bock  Bluff,  at  Ottawa.  On  the  west  side,  about  a  mile  be- 
low the  Jessenland  Church,  (Sec.  13,  T.  113,  B.  26)  there 
is  a  low  outcrop  of  the  lower  limestone  in  the  river  bottoms. 
At  Ottawa,  in  Le  Sueur  county,  the  Shakopee  stone  has 
tally  returned,  and  affords  a  very  fine  outcrop,  rising,  with 
the  underlying  standstone,  to  the  hight  of  about  70  feet 
above  the  river,  and  causing  as  at  Shakopee  a  broad  terrace, 
on  which  the  village  stands. 

Bections  at   Ottawa^  Le  Sueur  county,     (a)     Quarry  of 
John  P.  Binshed. 

Ko.  1.    Fawn-colored,  arenaceous  limestone  in  even  beds  that 

^  ,       correspond  in  undulations  with  the  upper  surface  of  No.  8.    4  ft. 

Ko.  2.  Sandstone  with  a  calcareous  cement ;  of  a  lighter  color, 
and  corresponding  in  undulations  with  the  surface  of 
No.  8 2ft.? 

^0,  8.  Magnesian  limestone,  very  much  like  the  Shakopee  stone, 
holding  green  clayey  deposits ;  in  lenticular  and  irregu- 
lar beds ;  the  surface,  freshly  uncovered  by  the  removal 
of  the  beds  of  No.  2,  has  much  the  appearance  of  being 
weathered,  rising  and  falling  at  gradual  angles  and  caus- 
ing the  overlying  members  to  have  corresponding  undu- 
lations.   Not  well  seen  here.    Said  to  be 8  ft. 

Total 14  ft. 

Other  quarries  showing  nearly  the  same  composition  of 
layers  as  Binshed's,  are  owned  by  Lievi  Case  and  Charles 
Schwartz. 


Digitized  by  VjOOQIC 


142  ANNUAL  BEPOBT. 

(ft)  At  Rinshed^a  Lime-kiln. 

Nearer  the  river,  at  Binshed's  kiln,  the  underlying  sand- 
stone can  be  seen.  In  this  section  there  is  exhibited  either 
a  fault  or  an  instance  of  unconformability  in  the  bedding. 
The  relation  of  thq  sandstone  to  the  limestone  may  be  best 
exhibited  by  the  following  diagram  : 

Diagram  showing  the  relation  of  the  Limestone  to  the  Sand^ 
stone i  at  Ottaioa^  Le  Sueur  County. 


JFxptanaUoii, 

ft.    Horixontal  layers  of  white  crambling  sandstone  showing  obliqae  sedimentation ;  sed- 
imentation nndlBturbed,  seen  25  reet 

b.  Interval  of  ten  feet  hid  by  debris. 

c.  One  bed  of  fiiwo-colored  limestone,  almost  freer fh)m  sand;  lies  below  the  stone  of 

Rinshed^s  quarry,  2  feet. 

About  ten  rods  below  this  kiln,  near  another  old  kiln  built 
by  excavating  in  the  sandstone  along  the  bluff,  the  following 
section  may  be  seen  : 

(c)     Ten  rods  below  Rinshed's  Lime-kiln. 

No.  1.    Limestone,  fawn-colored,  In  undulating  beds;  beds  two 
,j^             or  three  inches  or  as  thick  as  one  or  two  feet,  appar- 
ently disturbed 15  feet. 

No.  2.    Sandstone,  as  at  Rinshed's  kiln,  undisturbed,  seen 25  feet. 

Just  back  from  the  bluff  where  the  last  section  was  taken^ 
is  the  opening  that  furnishes  stone  for  the  kiln.  The  lime- 
st6ne  here  appears  like  that  at  the  bluff. 

The  whole  of  these  exposures  make  up»  in  general,  one 
irregular  stratum  of  limestone,  with  sandy  patches  and  lay- 
ers occurring  indiscriminately,  and  should  not  be  divided 
generally  into  different  members.  The  sandstone  underly- 
ing, however,  has  an  uneven  upper  surface,  due  perhaps,  to 
the  violence  of  the  latest  sedimentation,  instead  of  upheaval^ 
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before  the  d^positioD  of  the  limestoDe.  There  is  no  other 
way  except  that  of  suppoBing  a  fault,  or  an  instance  of  un«^ 
conformability  within  the  Lower  Magnesian,  to  account  for 
ttie  position  of  the  heary  bed  of  limestone  exposed  so  far 
below  the  top  of  the  sandstone  at  Binshed's  kiln. 

A  little  more  than  a  quarter  of  a  mile  below  Binshed's 
kiln,  a  little  raviue  crosses  the  beds,  showing  the  upper 
portion  of  the  sandstone,  as  follows : 

(d)     Section  in  the  Sandstone  at  Ottawa. 

No.  1.  Bed,  hard  sandstone,  in  one  heavy  bed,  exactly  like 
that  in  the  cat  on  the  Sioox  City  B.R.  near  Loais- 
yille 1  foot. 

No.  2.    White  sandrock,  like  that  in  the  raUroad  cat  near 

LoniSYille seen       2-8  feet. 

The  observations  made  at  Ottawa  throw  much  light  on 
the  relation  of  the  limestone  there  with  that  at  Shakopee, 
thus — 

Shakop^  limestones^Ottawa  limestone. 
IioaisviUe  kilns. . .  .^Ottawa  kilns. 
Jordan  sandstone.  .=»Ottawa  -sandstone. 

At  St.  Peter  the  quarry  near  the  Asylum  exposes  the 
uppermost  layers  of  the  Shakopee  limestone.  Owing  to  the 
work  going  on  in  the  finishing  of  the  Asylum  building,  a 
fine  opportunity  is  here  afforded  for  seeing  these  beds  in 
their  best  estate.  The  beds  are  here  very  regular,  differing 
very  much  irom  the  thin  and  confused  bedding  at  Shakopee, 
and  in  the  deep  openings  they  seem  to  be  all  very  heavy. 
Indeed,  in  the  face  ot  the  quarry  the  bedding  can  hardly  be 
discovered.  It  seems  almost  massive.  Yet  on  quarrying 
the  stone  it  parts  along  certain  horizontal  planes  that  must 
be  bedding  planes.  Some  taces  show  five  feet.  Other  beds 
are  two,  and  three,  and  four  feet.  The  upper  four  feet  are 
checked  into  beds  of  two  to  four  inches  by  the  weather.  It 
is  rather  darker,  when  first  quarried,  than  the  E^asota  stone, 
but  has  the  same  general  cast  of  color.  It  seems  sometimes 
to  have  a  brownish  tinge.  The  amount  seen  here  is  about 
twenty^five  feet. 

In  the  banks  of  the  river  at  St.  Peter,  the  sandstone, 
corresponding  to  that  already  described  at  Ottawa,  can  be 
seen,  forming  perpendicular  or  overhanging  bluffs  fifteen 
feet  or  more  in  height* 

On  the  terrace  formed  at  St.  Peter  by  these  rocks,  other 
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quarries  have  been  opeaed  by  Albert  KQight,  and  by  others, 
but  none  exhibit  the  characters  of  the  fori^ation  so  fully  as 
tnat  at  the  Asylum. 

Across  the  river  from  St.  Peter,  and  about  a  mile  toward 
Easota,  is  another  exposure  of  the  limestone,  in  a  bluff 
along  the  roadside.  It  seems  here  to  be  more  shattered  and 
irregular,  and  like  the  Shakopee  stone.  Lime  burned  near 
here  cannot  be  distinguished  from  the  Shakopee  lime. 
About  eighteen  feet  are  seen,  the  lower  part  being  in  good 
heavy  beds.     The  upper  surface  is  waterworn,  and  in  the 

t  openings  the  Cretaceous  has  been  deposited. 

Oeo.  C.  Clapp's  lime  kiln  and  quarry  are  five  miles  below 
Mankato,  on  sec.  17,  township  of  Eisota,  within  the  main 
drift  bluffs  of  the  Mianesota,  but  on  the  terrace  formed  by 
the  Shakopee  limestone,  and  about  a  mile  from  the  river. 
His  quarry,  located  near  his  kiln,  exposes  a  fine  gray  lime- 
stone, about  two  feet  thick,  sometimes  less  or  more,  grad- 
uating into  the  Shakopee  stone  which  underlies.  It  is  very 
firm,  little  porous,  and  contains  Orthia^  at  least,  and  affords 
the  finest  and  purest  limestone  hitherto  seen  in  the  Shako- 
pee stone.     It  must  be  regarded  as  the  upper  portion  of  the 

'  Shakopee.  This  fine,  compact  texture,  and  gray  color,  are 
not  continuous  in  the  same  horizon,  in  other  places  the  harsh 
magnesian  grain  and  arenaceous  quality  existing  in  the  same 
beds.  Running  along  the  rivet  for  several  miles,  sometimes 
touching  the  river  and  sometimes  exposed  back  of  islands 
that  show  the  same,  this  limestone  forms  a  bluff  of  solid 
beds.  Although  there  is  usually  a  heavy  talus  covering  the 
foot  of  this  bluff,  yet  at  several  points  the  identity  of  this 
horizon  with  that  at  St.  Peter,  and  hence  with  that  at  Shak- 
opee, is  fully  established  by  the  exposure  of  the  underlying 
sandstone.  It  is  seen  at  a  point  about  two  miles  below  Mr. 
Glapp's  farm.  This  bluff  shows  a  good  stone,  as  at  St. 
Peter  and  Easota,  but  is  not  much  quarried.  Perhaps  it  is 
more  arenaceous  in  patches.  It  iS'  blotched  with  whiter 
apots,  and  with  soft  chert. 

Another  fine  exposure  of  this  geological  horizon  is  visible 
about  a  mile  and  three  quarters  below  Mankato,  on  the  same 
side  of  the  river.  Tne  place  here  referred  to  is  that  some- 
times known  as  Hurricane  Bend,  although  the  point  so 
named  by  steamboat  captains  is  said  to  be  about  four  miles 
further  down  the  river.  The  section  here  exposed  is  the 
same  as  at  Clapp's,  and  also  the  same  as  at  Mankato,  but 
here  there  is  an  observed  thickness  of  sandstone  amounting 
io  forty- five  feet,  somewhat  hid  by  debris.    This  equiv- 
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alency  is  unmi8takable»  since  the  bluff  can  be  traced  nearly 
all  the  way  to  Clapp's,  and  since  between  here  and  Mankato,- 
besides  the  continuance  of  the  same  surface  features — the 
wide,  stony  prairie  formed  by  the  terrace,  the  uniform  alti- 
tude of  the  terrace,  and  its  strikincr  similarity  to  the  terraces 
at  St.  Peter,  Kasota,  Ottawa  and  Shakopee — the  actual  con- 
tinuity of  the  formation  can  almost  be  traced  out  by  expo- 
sures of  the  rock. 

In  the  report  ot  progress  for  1872,  the  section  at  Max- 
field's  quarry  at  Mankato  was  given,  (p.  83,)  covering  61 
feet  of  the  Shakopee  limestone.  The  further  examination 
of  this  locality,  and  of  the  river  bluffs  for  several  miles 
below,  during  the  season  of  1873,  makes  it  desirable  to 
naite  the  sections  observed  in  one  general  section,  as  follows : 

Section  at  Mankato^  in  Blue  Earth  County. 

No.    1.    PoroQS  magnesian  limestone,  not  used 4-6  ft. 

No.    2.    Coarse,  Mable  sandstone 2-4  ft. 

No.     8.     Magnesian  limestone  burned  for  lime 2  ft. 

No.     4.     Calciferous]  sandstone,  In^  heavy  beds,  of  various  grain 

and  texture,  sometimes  mottled,  quarried  for  building...    80  ft. 

No.    5.     Upper  shale  bed,  arenaceous  and  mottled  with  red 2-8  ft. 

No.    6.     Calciferous  sandstone,  generally  used  as  a  cut-stone, 

compact  and  even  grained 4  ft. 

No.    7.    Rough  and  irregular  magnesian  limestone,  somewhat 

arenaceous,  but  unfit  for  cutting 10  ft. 

No.    8.    Lower  shale  bed ;  very  much  the  same  as  the  upper 2  ft. 

No.    9.     One  heavy  bed,  generally  good  for  cut-stone 8  ft. 

No*.  10.    Irregular  and  sandy  bed;  more  or  less  cavernous  and 

porous,  its  lower  three  or  four  Inches  in  thin  chips,  fine 

grained,  and  stained  with  iron ^ 8  ft. 

No.  IL     Jordan  sandstone,  seen  about 45  ft. 

Total  of  the  Shakopee  limestone,  about 65  ft. 

From  Mankato  toward  the  mouth  of  the  Blue  Earth  river, 
the  Shakopee  limestone  is  seen  at  frequent  places,  forming 
precipitous  mural  faces,  capping  the  underlying  sandstone; 
the  two  united  making  bluffs  that  rise  from  seventy-five  to 
a  hundred  feet.  These  exposures  are  mostly  on  the  right 
bank,  but  there  are  also  elevated  islands  in  the  river,  or  at 
least  elevated  portions  in  the  area  of  the  bottom  land,  that 
present  similar  perpendicular  rocky  bluffs  on  one  or  more 
sides.  These  exposures  extend  somewhat  beyond  the  mouth 
of  the  Blue  Earth.  The  Blue  Earth  has  cut  its  passage 
through  this  rim  of  rock,  at  the  point  of  its  debouchure 
upon  the  Minnesota  bottom  land,  and  on  its  right  bank,  at 
the  place  of  the  crossing  of  the  St.  Paul  and  Sioux  City  B. 
R.,  a  series  of  interesting  observations  were  made.  Before 
19 
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reaching  this  point,  however,  in  following  the  highway 
from  Mankato  to  South  Bend,  but  on  the  east  side  ot  the 
bridge  over  the  Blue  Earth,  the  Shakopee  limestone  is 
exposed  in  a  recent  excavation  by  the  side  of  the  road,  in 
the  removal  of  the  Cretaceous  clay,  which  is  seen  there  to 
overlie  it  unconformably.  The  limestone  here  shows  the 
effects  of  long  exposure  to  the  weather,  and  the  action  of 
water  in  the  form  of  waves,  probably  those  of  the  Cretaceous 
ocean,  prior  to  the  deposition  of  the  clav*  A  much  better 
example  of  the  same  effects  may  be  seen  a  little  further 
south,  just  before  the  crossing  of  the  Blue  Earth  by  the 
Sioux  City  B«  B. ,  where  the  grade  is  cut  into  the  rock  for 
several  rods  before  reaching  the  river.  The  old  Silurian 
surface  is  here  very  much  weathered,  and  coated  with  iron 
peroxide,  the  nooks  and  openings,  and  all  sheltered  places 
being  filled  with  the  fine,  plastic  but  bedded  greenish  clays 
t)f  the  Cretaceous  age;  the  drift  gravels  and  sands  overlying 
both.  These  phenomena  are  alluded  to  again  and  more 
fully  discussed  under  the  head  of  the  Cretaceous. 

Passing  from  the  mouth  of  the  Blue  Earth  south,  toward 
thb  Red  Jacket  Flouring  Mills,  occasional  exposures  of  the 
Shakopee  stone  are  met  with  along  the  highway  and  in  the 
railroad  cuts  (Minn,  and  Northwestern  B.  B.),  for  about 
three  miles.  The  Bed  Jacket  Mills  are  on  the  Lie  Sueur 
river,  lour  miles  south  of  Mankato. 

On  the  Maple,  near  its  union  with  the  Le  Sueur,  in  sec- 
tions 11,  12  and  13,  township  of  Bapidan,  (107,  27,)  Blue 
Earth  county,  quarries  that  are  feebly  run,  are  owned  by 
Barney  Simmons,  Samuel  Michael,  and  by  Messrs.  Averill, 
Culver,  Wood  and  Allgrain.  These  quarries  reach  about 
two  miles  above  the  mouth  of  the  Maple,  and  are  in  the 
same  horizon  as  the  Mankato  quarries.  The  stone  occurs  in 
horizontal,  heavy  beds,  along  the  low  banks  of  the  river, 
exposing  25  or  30  feet.  Some  mention  has  been  made  of 
the  Shakopee  stone  at  this  place  in  describing  the  sandstone 
there  seen  to  overlio  it,  and  supposed  to  be  the  St.  Peter. 
(Seep.  133). 

The  Shakopee  limestone  is  exposed  at  Garden  City,  in 
Blue  Earth  couuty,  in  the  banks  oi  the  Watonwan  river. 
Mr.  S.  M.  Folsom  owns  a  slight  exposure  which  is  some- 
what worked,  situated  in  the  low  bank  of  the  river,  near  the 
water.  At  the  milldam,  just  above  the  highway  bridge,  it 
may  be  seen,  exposed  in  a  rough  and  very  irregular  outcrop, 
in  the  midst  of  the  river,  forming  a  rocky  island.     It  here 
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presents  large  cavities,  and  sometimes  a  breccia.     The  beds 
are  thick,  and  lie  in  a  short  synclinal,  as  illustrated  below^. 

JSyndinal  in  the  Shakopee  Limestone^   at   Garden    Oily, 
in  Bltie  Earth  County. 

in 

^^  JSf, 

-^^^^^ 

This  synclinal  is  not  believed  to  be  anything  that  aiBfects 
the  general  dip  of  the  formation,  but  an  illustration  of  the 
irregularity  that  it  sometimes  presents  in  its  bedding.  A 
similar  phenomenon  was  noted  in  respect  to  this  limestone, 
at  Ottawa,  in  LeSueur  county.  It  is  a  structure  very  com-* 
mon  in  the  Waterlime,  of  the  Upper  Silurian,  seen  in  north-* 
western  Ohio. 

This  exposure  ot  the  Shakopee  limestone  has  very  much 
the  general  character  seen  at  Shakopee.  In  the  roughened 
upper  surface  the  usual  gasteropod,  seen  also  last  year  at 
Rochester,  in  Olmsted  county,  was  seen  at  Garden  city, 
(Euon^halus.) 

(e)      THE  JORDAN  SANDSTONE. 

This  name  is  here  applied  to  that  member  of  the  Lower 
Magnesian  which  immediately  underlies  the  Shakopee  Lime- 
stone. As  has  already  been  stated,  it  has  been  referred  by 
Dr.  B.  F.  Shumard  to  the  Potsdam  Sandstone  or  Formation 
1,  of  Dr.  Owen's  series.  The  observations  of  the  past  sea- 
son have  disclosed  the  fact  that  it  is  only  about  fifty  feet  in 
thickness,  and  is  underlain  by  another  great  limestone  form- 
ation which,  while  it  differs  considerably  from  the  Shako- 
pee stone,  is  still  a  magnesian  limestone,  and  belongs  to  the 
same  great  series. 

This  stone  is  first  seen  in  ascending  the  Minnesota  valley, 
so  far  as  at  present  fcnown,  at  the  ^<  Little  Rapids,"  near  the 
city  ot  Carver,  in  Carver  county.  It  here  causes  a  fall  of 
about  seven  feet,  divided  between  two  separate  rapids.  The 
lower  rapid  has  a  fall  of  about  four  teet.  The  upper  is  about 
half  a  mile  further  up.  The  stone  is  thick  bedded  and 
coarse-grained.  A  few  rods  above  the  upper  rapid  it  is  ex- 
posed in  the  risht  bank,  showing  about  six  leet  in  nearly 
horizontal  beds.    This  sandstone  was  penetrated  in  sinking 
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a  well  at  Louisville,  after  passing  through  the  Shakopee 
Limestone,  the  thickness  of  over  twenty  feet.  Passing 
along  the  public  road  from  Louisville  to  Jordan,  the  strike 
of  the  sandstone  can  be  seen  by  outcrops,  in  the  form  of 
stony  islands,  in  the  river  bottoms,  and  by  exposures  near 
Dooleyville.  Where  the  public  road  crosses  **  Van  Oser's"* 
€reek,  a  short  distance  above  Dooleyville,  it  has  a  dip  of  10 
or  15  degrees  toward  the  W.N.W.  About  twenty-five  feet 
can  here  be  made  out  in  passing  along  the  stream  from  a 
short  distance  above  the  road  to  the  crossing  of  the  St.  Paul 
and  Sioux  City  B.  R.  It  is  in  heavy  beds  and  is  coarse 
grained.  It  is  full  of  seams  and  checks,  presenting 
some  appearance  of  dip  in  different  directions.  Some  of 
the  seams,  or  lines  of  apparent  bedding,  run  nearly  perpen- 
dicular, but  they  do  not  have  a  constancy  that  shows  dip. 
The  operation  of  the  stream  is  such  as  to  bring  out  the  bed- 
ding, by  the  wearing  away  of  the  softer  layers,  so  as  to  in- 
dicate dip  in  the  direction  already  stated. 

Near  the  railroad  bridge  over  Van  Oser's  Creek,  and  in 
the  public  road,  this  sandstone  is  conglomeritic  and  broken. 
It  shows  the  effect  of  heat.  The  bedding  is  disturbed  and  even 
fractured,  the  openings  having  been  again  filled  with  coarser 
materials  and  some  pebbles.  Some  parts  of  it  are  highly 
ferruginous,  so  as  to  make  an  impure  iron  ore  which  is 
black.  These  characters,  however,  are  confined  to  a  very 
small  area,  not  being  seen  over  more  than  three  or  four 
square  yards,  making  a  mound-like  prominence  that  rises 
two  or  three  feet  above  the  level  of  the  rest  of  the  bedding, 
which  is  bare  for  some  rods  about. 

About  a  mile  above  the  crossing  of  Van  Oser's  Creek,  the 
St.  Paul  and  Sioux  City  B.  B.  cuts  through  sandstone 
which  may  be  somewhat  below  the  beds  last  mentioned. 
The  upper  part  of  this  may  be  regarded  as  belonging  in  the 
section  at  the  creek.  This  cut  is  composed  of  the  follow- 
ing parts : 

Ko.  1.  Hard  (yet  within  friable)  sandstone,  in  one  bed,  of  a  red- 
dish color,  which  resembles  the  color  of  the  Shi^opee 
stone  near  the  bottom  of  the  section  at  Lonlsville 8  ft. 

^o.  2.    Fine,  incoherent,  white  sandrock,  massive;    seen  five 

fleet,  may  amount  to 10  ft. 

Directly  east  of  this  cut,  across  the  public  road,  No.  1 
above,  which  is  supposed  to  be  the  same  as  the  sandstone 
fieen  in  Van  Oser's  creek,  outcrops  so  as  to  show  15  or  20 

«  This  is  corrupted  from  Van  Osterbaos. 
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feet.  It  causes  a  considerable  knoll,  where  huge  blocks 
four  or  five  feet  thick  are  checked  loose  by  the  weather  and 
removed  from  the  general  mass.  This  is  a  favorable  place 
for  quarrying. 

At  Jordan,  three  and  a  half  miles  above  this  place,  this 
sandstone  affords  its  typical  outcrop.  It  occurs  in  sand  * 
creek,  about  a  half  mile  above  the  village.  Quarries  herer 
are  owned  by  John  Volk,  and  by  Wosanick  and  Loniacheck. 
The  general  section  obtainable  from  the  various  outcrops 
along  this  creek  has  thus  been  described.* 

Section  at  Jordan^  Scott  County. 

No.  1.    Sandrock,  bnfflsh,  qnlte  fermginoos,  thick-bedded,  seen 

at  the  mm 6  feetr 

No.  3.  Sandrock,  ferrnji^nons,  thin  and  irregularly  bedded,  flrla- 
ble  and  disintegrating,  with  many  fermglnoos  seams, 
crusts  and  concretions.    In  the  quarry 8  feet*- 

No.  S.  Sandrock,  irregularly  whitish  or  ferruginous,  heavy-bed- 
ded, obliquely  and  beautiftilly  banded  with  iron  streaks 
and  laminae.    In  quarry 12  feet* 

No.  4.    Sandrock,  bufflsh,  similar  to  No.  8,  but  thiiAier- bedded. 

In  the  quarry 8  feet* 

No.  5.    Sandrock,  hard  and  ferruginous  above,  soft,  ftlable  and 

bufflsh  red  below.    Falls  of  Sand  Creek . . ) 10  feet. 

No.  6.    Sandrock,  whitish,  compact.    In  the  beer  vaults,  seen..  12  feet^^ 

In  the  bed  of  the  creek,  near  the  breweries,  this  stone 
seems  somewhat  calcareous.  It  is  of  a  reddish  color  and 
slightly  porous,  while  the  quarried  stone  ajiows  generally  a 
white  color,  except  where  irony  water  has  rusted  the  inter- 
laminations,  presenting  then  a  streaked  section  of  rust  and 
white.  The  bedding  in  the  creek  is  also  thinner.  Although 
the  foregoing  section  makes  up  a  thickness  of  51  feet  for 
this  sandstone  as  exposed  at  this  place,  the  observations  of 
the  survey  do  not  warrant  the  assignment  of  that  aggregate 
thickness  to  the  outcrops  there.  Some  of  the  localities 
named  being  regarded  ab  on  the  same  geological  horizon. 
The  general  uniformity  of  characters  makes  it  difficult  to 
judge  how  much  of  the  bedding  at  one  place  may  be  included 
in  the  outcrop  at  another;  but  twenty- five  or  thirty  feet 
would  probably  cover  the  thickness  exposed. 

The  next  known  exposure  of  this  stone  is  at  Ottawa, 
where  it  underlies  a  considerable  thickness  of  the  Shakopee 
limestone.  The  geology  of  this  place  has  been  given  in 
treating  of  the  Shakopee  Limestone.     The  Interesting  ob- 

•Btpm  qf  a  ffeoloffieal  mtrve^  qf  the  ttidniiy  qf  SOU  Ptaine,  BooU  Co.,  lOnn,  B/ 
AI«zuder  Winehell.  In  this  report  the  name  ol  Jordan  tandttont  was  first  applied  te 
tUi  ftone,  although  still  regarded  as  of  the  Potsdam  age. 
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servation  was  there  made  of  a  local  unconformability  in  the 
limestone »  with  the  Jordan  sandstone.     (See  p.  141.) 

From  Ottawa  to  Mankato,  this  sandstone  may  be  seen  at 

nearly  all  places  where  the  Shakopee  limestone  is  exposed. 

It  is  apt  to  be  somewhat  covered  by  debris,  as  it  lies  at  the 

•  base  of  the  continuous  bluffs  that  these  two  formations  cause 

throughout  that  part  of  the  Minnesota  valley. 

Near  the  Bed  Jacket  Mills,  four  miles  south  of  Mankato, 
on  the  Le  Sueur,  is  an  outcrop  of  sandstone,  which  is  doubt- 
fully referred  to  the  Jordan.  It  is  in  the  right  bank,  just 
above  the  mill  dam.  It  forms  a  perpendicular  bluff  rising 
from  the  water  about  20  feet,  underlying  a  heavy  deposit  of 
drift  which  rises  nearly  two  hundred  feet  higher.  In  the 
sandstone  are  soft,  apparently  magnesio-calcareous  pieces, 
about  an  inch  in  diameter,  usually  flattened,  or  pointed,  or 
«dged,  which  if  dry,  crumble  to  powder  in  the  fingers,  re- 
vealing little  or  no  grit,  but  which  when  wet,  are  sticky  and 
plastic.  These  pieces  resemble  somewhat  the  thin  deposits 
of  shale  seen  in  the  sandstone  that  has  been  referred  to  the 
St.  Peter  a  few  miles  higher  up  on  the  Le  Suevr.  (See  the 
Beport  of  Prof.  Peckham  for  an  analysis  of  these  pieces  of 
shale.)  This  iact,  in  connection  with  the  existence  of  irony  crag 
in  the  overlying  drift  bluff,  makes  the  resemblance  of  this 
outcrop  to  the  above  outcrops  supposed  to  be  St.  Peter,  and 
to  those  at  Garden  City,  rather  greater  than  to  the  Jordan.  The 
geographical  and  topographical  relations  of  this  outcrop, 
however,  cause  it  to  appear  very  strongly  to  belong  to  the 
Jordan.     (See  p.  133.) 

At  Cappels  mill,  on  the  Watonwan,  two  and  a  half  miles 
below  Grarden  City,  a  sandstone  is  exposed,  and  somewhat 
worked.  Its  stratigraphical  relations  .are  not  certain,  but 
it  probably  belongs  to  the  Jordan. 

Three  miles  below  is  the  Bapidan  mill.  The  same  sand- 
stone is  exposed  at  this  mill  and  at  several  places  between 
these  mills. 

At  Minneopa  Falls,  sec.  21,  T.  108,  B.  27,  the  cascade  is 
caused  by  the  Jordan  sandstone.  The  perpendicular  fall  ot 
the  water  is  about  80  feet,  but  45  feet  ot  the  sandstone  can 
be  made  out.  Before  reaching  the  point  where  the  water 
leaps  over,  the  stream  works  its  way  through  a  perpendicu- 
lar thickness  of  15  feet  of  sandstone  beds.  It  then  comes 
in  contact  with  a  harder  portion  of  the  sandstone,  which  has 
a  thickness  of  about  six  feet.  This  resists  the  water  longer 
than  the  underlying  layers,  and  maintains  a  projecting  shelf. 
The  mist  that  rises  keeps  the  walls  wet,  and  the  freezing  of 
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winter  crumbles  away  the  soft  sandstone,  so  as  to  form 
about  the  pool  where  the  water  strikes,  a  walled  amphithe- 
ater rising  about  40  feet  on  each  side.  This  glen  is  more  or 
less  shaded  with  elms,  cedars,  birches,  butternuts  and  oaks. 
It  is  prolonged  in  the  form  of  a  rough  and  shaded  gorgo« 
worn  in  the  solid  rock,  of  about  the  same  depth,  down  to 
the  point  of  issue  of  the  stream  upon  the  Minnesota  hot- 
toms,  the  distance  of  about  half  a  mile.  The  gorge  below 
the  fall  is  darkened  by  the  dense  foliage,  the  stream  in  its 
coarse  being  much  of  the  time  hid  from  sight  but  for  a  few 
rods.  This  gorge  is  crossed,  about  a  quarter  of  a  mile  below 
the  falls,  by  the  St.  Paul  and  Sioux  City  R.  B.  At  the  foot 
of  the  falls  a  little  lake  of  water  is  confined  by  the  upheaved 
pebbles  in  front  of  the  cascade.  The  gravel  of  the  sur- 
rounding beach  is  hard  enough  to  admit  of  a  passage  on  all 
sides.  There  are  also  several  narrow  paths  along  the  walls 
of  the  amphitheater,  where  the  fallen  fragments  are  suffi- 
ciently turfed  and  overgrown  to  permit  a  passage  up  or 
down  the  stream.  An  elm  tree  which  is  nearly  three  feet 
in  diameter  grows  near  the  foot  of  the  cascade,  and  on  the 
right  bank.  Its  annual  rings  of  growth  would  indicate  at 
least  some  part  of  the  time  elapsed  since  the  retreat  of  the 
fall  from  the  place  where  it  stands.  Within  six  feet  of  it  the 
perpendicular  sandstone  wall  rises  to  the  hight  of  over  forty 
feet.  The  stream  is  subject  to  great  fluctuations  of  volume, 
sometimes  becoming  quite  dry.  In  passing  down  the  Min- 
neopa  gorge  to  its  union  with  the  Minnesota  river,  the 
bluffs  become  more  and  more  wooded,  the  stone  only  show- 
ing alternately  in  patches  on  opposite  sides,  and  no  lower 
view  of  Ihe  Jordan  sandstone  can  be  had,  at  least  none  that 
can  be  proved  to  be  lower.  Before  reaching  the  Minnesota, 
howerer,  a  continuous  bog  is  encountered,  running  along 
both  sides  oi  the  creek,  about  ten  or  fifteen  feet  above  the 
creek.  This  either  indicates  a  change  in  the  formation, 
bringing  in  a  shale  or  clay,  ^perhaps  a  limestone,)  or  that 
the  muddy  alluvium  of  the  Minnesota  bottoms  has  been  car- 
ried back  up  the  Minneopa  so  as  to  shed  the  water  of  the 
bluffs.  This  bog  is  about  on  a  level  of  the  Minnesota 
flood  plain,  and  the  channel  of  the  creek  is  cut  in  alluvium 
that  cannot  be  distinguished  from  that  of  the  Minnesota 
bottoms. 

Seven  or  eight  miles  above  Mankato,  or  one  and  a  half 
above  the  wind  mill,  along  the  road  to  New  Ulm,  is  another 
exposure  of  the  Jordan  Sandstone,  with  features  very  much 
like  those  at  Minneopa.     A  little  creek,  which  is  dry  in 
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summer  time,  exposes  first  about  two  feet  of  coarse  sand- 
stone in  its  bed.  Following  the  creek  down  a  few  rods, 
there  is  a  perpendicular  fall  of  about  fourteen  feet,  which  in 
time  of  high  water  must  make  a  handsome  cascade,  similar 
to'the  Miuneopa  waterfall.  Ttie  immediate  cause  of  the  fall 
is  the  occurrence  of  a  layer  of  about  a  foot  with  a  harder  or 
more  enduring  cement,  underlain  by  crumbling  sandstone. 
Over  the  sandstone  rises  the  drift,  about  fifty  or  seventy- 
five  feet,  mainly  made  up  of  hardpan,  (glacier  drift)  the  top 
of  which,  however,  is  composed  of  fine  sand  in  oblique  strat- 
ification.    The  alternation  of  layers  here  is  as  follows  : 

No.  1.  Closely  cemented  sandstone,  projecting  beyond  the  next,  6  inches 

No.  2.  Coarse,  white  sand,  in  waterworn  grains,  crumbling  out 

easily • 6  inches 

No.  8.  Same  as  No.  1 6  inches 

No.  4.  Same  as  No.  2 • 1  foot 

No.  5.  Brink  of  faUs.    Same  as  No.  1 1  foot 

No.  6.  Same  as  No.  2,  seen 80  feet 

This  horizon  is  undoubtedly  the  same  as  that  at  Minne.pa 
Falls.  The  appearance  of  the  gorge  below  the  falls,  and  the 
occurrence  of  a  cemented  part  giving  rise  to  the  perpendic- 
ular fall  of  the  water,  are  very  much  the  same.  The  beds 
lie  here,  as  there,  nearly  horizontal.  The  grains  ol  sand 
are,  perhaps,  somewhat  coarser  here  than  at  Minneopa. 

This  sandstone  can  be  seen  in  the  bluffs  on  the  opposite 
side  of  the  Minnesota  river,  surmounted  by  a  great  thick- 
ness of  drift.  The  bluffs  are  mainly  wooded,  but  some 
smooth  buttresses  and  slopes,  wrought  apparently  in  the 
drift,  and  covered  with  grass,  yet  reveal  the  stone,  large 
slabs  and  blocks  from  which  lie  on  the  hillside. 

(f)      THE   ST.    LAWRENCE   LIMESTONE. 

At  St.  Lawrence,  which  is  about  four  miles  northeast  of 
Belle  Plaine,  in  Scott  county,  a  still  lower  member  of  the 
Lower  Magnesian  is  exposed,  presenting  somewhat  different 
lithological  characters.  It  is  harder  than  the  Shakopee 
limestone,  evenly  bedded,  quaitzose  and  specked  with 
green.  These  green  specks  have  somewhat  the  appearance 
of  coming  from  metamorphism,  yet  they  are  caused  by  little 
rounded  masses,  which,  if  harder,  would  seem  to  have  been 
water-worn  and  deposited  with  the  sedimentation.  They 
are,  however,  rather  soft,  cutting  like  talc.  They  exactly 
fill  the  cavities  in  which  they  lie.  In  some  small  portions 
they  almost  make  up  the  bulk  of  the  rock,  which  then  has  a 
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green  compact  appearance,  as  if  horublendic.  While  the 
rock  is  eyidently  calcareous  and  magoesian  in  some  parts, 
and  almost  destitute  of  these  green  specks,  it  is  also  si  lice* 
ous  and  sharply  crystalline.  On  analysis  the  little  green 
specks  have  been  found  by  Prof.  Peckham  to  consist  of  lime, 
iron,  magnesia  and  a  trace  of  manganase.  See  p.  96,  *'Nos. 
30  and  31." 
The  section  here  exposed  is  as  follows : 

Section  at  8t.  Laicrence,  Scott  County. 

No.  1.    Beds  two  to  four  inches,  with  shaly  partiDgs  and  green 

specks 8   ft. 

No.  8.  Beds  fourteen  to  eighteen  inches,  hard,  siliceons,  occa- 
slonaUy  porons  ftom  crystallization,  specked  with 
green,  showing  crystals  of  brown  spar— a  good  build- 
ing stone 4    ft. 

No.  8.    Somewhat  fermginoos,  hard  and  crystalline,  less  porous 

thanNo.2 2    ft. 

No.  4.    Beds  irregular,  specked  with  green,  and  showing  green 

surflices 4   ft. 

No.  6.    Bandof  greenish  shale,  sandy 6  in. 

No.  6.    Beds  two  to  four  inches :  magnesian  limestone ;  seen 

about 1   ft. 

Total 14i  ft. 

Qoarries  here  are  owned  by  Mr.  Hewitt  and  Mr.  Beason. 

At  Judson^  on  the  right  bank  of  the  Minnesota,  in  Blue 
Earth  county,  is  the  only  other  known  exposure  of  the  St. 
Lawrence  limestone  in  the  valley  of  the  Minnesota.  It  here 
occurs  on  both  sides  of  the  river,  and  is  used  for  building 
stone.  It  was  in  traveling  along  the  highway  from  Man- 
katu  to  this  place  that  the  most  indubitable  evidence  of  the 
position  of  this  limestone  was  obtained.  Mention  has  al- 
ready been  made  of  the  occurrence  of  the  Jordan  sandstone 
at  Minneopa  falls,  and  at  a  little  waterfall  by  the  side  of 
the  road,  some  miles  above,  (see  p.  150).  In  passing  north- 
westwardly the  observer  crosses  nearly  at  right  angles  the 
direction  of  strike  of  the  successive  formations  in  that  part 
of  the  state.  Soon  after  leaving  the  little  unnamed  water- 
fall, above  mentioned,  and  within  three  quarters  of  a  mile, 
an  otttcTop  occurs  ot  a  reddish,  arenaceous  limestone,  very 
unlike  the  St.  Lawrence  stone,  but  similar  to  the  outcrop  in 
Jeasenland  township,  in  Sibley  county,  which  will  be  fur- 
ther noticed  as  a  possibly  separate  member  of  the  Lower  Si* 
lurian  (see  p.  155.) 

Within  that  distance,  or  a  little  before  reaching  that  wa- 
terfall, the  road  begins  to  pass  down  from  a  high,  and  rather 
20 
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rolling,  drift  plateau,  on  to  a  lower  plateau  or  terrace,  oyer- 
strewn  with  boulders,  like  the  terraces  at  Ottawa,  Kasota  and 
Shakopee,  which  skirts  the  valley  for  several  miles,  and 
indicates,  as  there,  the  advent  of  a  hard,  and  resisting  rocky 
foundation,  into  which  the  boulders  cannot  disappear.  The 
surface  of  this  lower  plateau  is  mainly  alluvial,  the  boulders 
lying  in  it,  but  not  covered  from  sight.  This  red  limstone 
occurs  in  the  surface  of  that  lower  plateau.  At  a  halt  mile 
further  the  character  of  the  rock  which  lies  so  near  the  sur- 
face is  disclo&ed  in  a  little  opening  by  the  roadside,  appa- 
rently made  for  getting  stone  for  use«  but  abandoned  on 
account  of  the  loose  and  shaly  character  of  the  beds  struck. 
These  shaly  and  thin  beds,  united  perhaps  with  the  red 
beds  seen  before,  may  have  given  ri^e  to  the  boggy  bench, 
already  mentioned  as  occurring  near  the  base  of  the  Jordan 
Sandstone  in  the  banks  of  the  Minneopa  gorge«»since  there 
so  situated  as  to  be  very  near  the  line  of  separation  of  that 
sandstone  from  the  St.  Lawrence  Limestone.  Near  this  lit- 
tle opening  are  two  culverts  that  are  constructed  of  stone, 
quarried  of  course  near,  like  the  St.  Lawrance  stone.  Pass- 
ing along  this  lower  plateau  about  a  mile,  to  Judson,  the 
general  surface  features  remain  about  the  same.  At  Judsoa 
quarries,  in  the  St.  Lawrence,  stone  are  owned  by  John 
Goodwin,  and  by  Mrs.  Wolf.  On  the  opposite  side  of  the 
river,  at  Hebron,  the  same  stone  is  wrought  by  Wm.  Phil- 
lips, Wm.  H.  Thurston  and  J.  H.  Dunham. 

This  is,  lithologically,  exactly  the  St.  Lawrence  stone, 
and  has  a  dip  of  two  or  three  degrees  to  the  southeast.  Sup- 
posing that  to  express  the  average  dip  from  Judson  to  the 
last  exposure  of  the  Jordan  Sandstone,  there  would  be  room 
for  a  thickness  of  thirty  or  forty  feet  of  beds  the  character 
of  which  is  not  known.  In  that  interval  must  fall  the  red- 
dish outcrop  three  quarters  of  a  mile  northeast  of  the  little 
unnamed  waterfall,  and  probablv  the  Jessenland  outcrop, 
in  Sibley  county.  Mr.  Goodwin's  quarry,  near  the  ferry, 
shows  eight  feet  of  bedding,  but  lies  twenty-five  feet  above 
the  river.  The  beds  are  four  to  eight  inches,  although  the 
uppermost  three  or  four  feet  of  the  quarry  are  very  much 
weathered  and  in  thinner  beds.  The  bedding  planes  are 
usually  entirely  covered  with  a  green  coating,  and  the  body 
ot  the  whole  is  specked  thickly,  and  sometimes  largely  made 
up  of  green  particles. 

The  other  quarry  of  Mr.  Goodwin,  and  that  of  Mrs,  Wolf, 
both  situated  a  little  further  up  the  river,  are  similar  in  char- 
acters and  position  to  that  already  described.     It  is  mainly 
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s  limestone,  and  very  durable,  of  a  flesh-color,  varying  to 
buff,  striped,  specked  and  blotched  with  green.  The  sides 
of  the  bedding  are  almost  altogether  green. 

Allnsion  has  already  been  made  to  a  reddish  si  one  closely 
associated  with  St.  Lawrence  limstone,  the  geological  hori- 
zon of  which  it  is  difficult  to  state.  The  first  exposure  ob- 
aerved  of  this  occurs  thrt>e  miles  above  Blakeley,  and  on  the 
west  side  of  the  river,  in  Jessenland  township.  It  is  in  the 
river  bottoms,  N.  E.  J,  sec.  12,  T.  113,  R.  26,  owned  by 
Mr.  D.  Doheny,  who  has  opened  aiittle  quarry.  It  is  a  red, 
metamorphic  limestone,  nodular,  concretionery,  and  filled 
with  checks  and  planes  of  separation,  the  thickest  beds  being 
cot  more  than  four  inches,  the  most  of  them  less  than  two, 
and  more  or  less  contorted.  It  has  greenish  surfaces,  and 
isolated  pockets  of  fine,  apparently  copper  stained  materials, 
but  very  sparsely  disseminated.  It  is  almost  a  worthless 
stone  for  any  use  except  macadamizing,  owing  to  the  ease 
with  which  the  beds  are  fractured  transversely.  It  is  rough 
and  irregular.  It  is'  fine-grained  generally,  rarely  porous, 
and  cryptocrystalline.  When  weathered  it  shows  an  arena- 
ceous composition.  It  is  seen  in  surface  exposure  over  sev- 
eral square  rods,  the  thin  red  chips  cov^ering  the  ground. 
About  six  feet  of  bedding  may  be  seen.  The  position  of 
this  limestone  is  supposed  to  be  somewhat  above  that  seen 
at  St.  Lawrence,  and  below  the  Jordan  Sandstone.  It  per- 
haps has  not  characters  sufficiently  defined  and  constant  to 
be  separable  from  the  St.  Lawrence.  Indeed  there  are  some 
good  reasons  for  supposing  it  may  be  the  uppermost  portion 
of  that  limestone  considerably  charged  with  iron,  and  chang-' 
ed  in  outward  appearance  by  the  waters  oi  the  valley. 

(g)    THE   ST.  OROIX  SANDSTONE. 

In  the  report  of  progress  for  1872,  thislname  was  pro- 
visionally applied  to  the  light-colored  sandstones  exposed 
largely  on  the  upper  Mississippi  and  on  the  St.  Croix  livers, 
lying  immediately  below  the  Lower  Magnesian.  During 
the  season  of  1873,  no  observations  on  this  series  of  sand- 
stones have  been  made,  ana  no  new  light  can  be  added  to 
the  question  of  the  age,  of  those  beds,  except  what  may  be 
found  in  connection  with  the  description  of  the  outcrop 
of  red  quartzite  at  the  mouth  oi  the  Waraju  river,  near 
New  Ulm. 
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(h)    THE   POTSDAM   SANDSTONE. 


This  name  is  here  applied  to  the  red  sandstones  that  lie 
below  the  light-colored  sandstones  of  the  npper  Mississippi 
yalley,  and  to  their  supposed  equivalents  in  the  southwestern 
part  of  the  state.  The  principal  observations  on  this  sand- 
stone made  during  the  season  of  ISTS,  were  upon  the  outcrop 
near  New  Ulm.  The  annexed  map  of  this  locality  will  give 
a  correct  idea  of  the  position  of  this  outcrop  in  respect  to 
the  outcrops  of  conglomerate  and  granite  which  occur  a 
short  distance  further  up.  the  river.  A  careful  observation 
on  the  dip  of  the  quartzite,  south  of  the  railroad  cut,  correct- 
ed for  variation  ot  the  needle,  gave  27°  N.  10®  E.  A 
similar  observation  on  the  conglomerate  gave  a  dip  of  18® 
toward  the  E.S^E.  The  granite  outcrop  is  located  on  the 
authority  of  Dr.  B.  F.  Shumard,  who  says :  "  The  granite 
is  a  hundred  yards  removed  from  the  conglomerate,  with  its 
line  of  elevation  running  nearly  parallel  with  the  lattei. 
Flesh-colored  feldspar  makes  nearly  two-thirds  of  the  gran- 
ite." This  outcrop  of  granite  was  not  noticed  by  the  survey 
in  examining  this  locality. 


Digitized  by  VjOOQIC 


XTNIYBBSITY  OF  MINNESOTA. 


157 


Map  of  the  vicinity  of  New   Ulm  and  RedatonCt  shovoing 
toe  position  and  dip  of  the  Conglomerate  and  Quartzite. 


Scale  1  Inch^hftir  a  mile. 


«OBg. 


CretacaonB  outcrop;  beds  horisontal. 
Granite  outcrop. 

Conglomerate  outcrop;  dip  18^  B.8.B. 
Redquartxite  outcrop,  dip  ST  ^  N.  10«  B. 


The  dip  of  the  quartzite  varies  in  degree.  It  is  greatest 
near  the  river »  and  is  least  near  the  northern  extremity  of 
the  exposure.  Indeed,  near  the  northern  extremity  the  sur- 
hce  has  a  slope  which  is  apparently  due  to  dip,  in  the  op« 
posite  direction.  A  section  north  and  south  through  the 
•quartzite  would  show  dip  changing  somewhat  as  illustrated 
hj  the  following  diagram,  sketdied  on  the  spot : 
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At  the  northern  extremity  of  the  exposure  the  surface  of 
the  rock  shows  a  coarser  grain,  becoming  almost  couglom- 
eritic.  No  true  conglomerate  can  be  here  seen,  but  there 
are  grains  of  white  quartz  as  large  as  a  mustard  seed  dis- 
seminated thiough  it.  The  relation  of  this  coarser  portion 
to  the  rest  of  the  quartzite  is  such  as  to  cause  it  to  overlie 
the  most  of  the  quartzite,  but  its  actual  superposition  can- 
not been  seen.  In  some  of  the  thin  bedding  near  the  lowest 
part  exposed,  mica  scales  are  visible  on  the  planes  of  the 
bedding.  When  fresh  they  are  black,  but  if  weathered  they 
are  of  a  golden  yellow  color. 

In  many  places  there  are  evidences  ot  a  higher  stage  of 
the  Minnesota  at  some  earlier  time.  These  consist  of  fur- 
rows and  water-worn  surfaces.  There  are  some  pot-holes, 
worn  usually  so  as  to  have  their  elongated  dimension  in  the 
direction  of  the  river,  their  shape  being  generally  oval. 
One  of  the  largest  noticed  was  20  inches  long  and  15  inches 
wide.  Its  depth  was  24  inches.  These  water-marks  rise 
120  or  125  feet  above  the  river. 

On  the  north  side  of  the  river,  nearly  opposite  New  Ulm, 
is  an  outcrop  of  coarse  jaspery  conglomerate,  the  pebbles 
in  which  are  occasionally  a  foot  in  diameter,  and  waterworn. 
There  are  also  white  quartzite  pebbles.  Ten  feet  may  be 
seen,  in  an  irregularly  descending  strike  nearly  north  and 
south.  The  strike  of  this  conglomerate  outcrop  is  conspic- 
uous in  the  woodless  pi  aide,  or  terraced  slope  from  the 
prairie.  It  rises  from  the  very  river  bottoms  and  enters  the 
blufi  diagonally,  at  a  hight  of  perhaps  50  feet  above  the 
river.  The  talus  hides  the  underlying  stone.  The  strike 
faces  up  the  river. 

The  quartzite  outcrop  at  New  Ulm  was  described  in  gen- 
eral the  report  of  the  progress  for  1872,  (p.  75).  The  de- 
free  of  dip  and  the  thickness  of  the  bedding  exposed  were, 
owever,  over-estimated.  There  may  be  250  feet  of  strati- 
fication exposed,  and  the  hight  of  the  rock  does  not  exceed 
125  feet  above  the  river. 

The  following  is  Dr.  E.  Emmons'  description  of  the 
<*  Sandstone  of  Potsdam,''  taken  from  his  report  on  the  Sec- 
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ond  Geological  District  of  the  State  of  New  York,  printed 
by  the  L^islature,  in  January,  1838. 

^'  I  shall  not  enter  upon  its  geological  relations,  any  fur- 
ther than  to  state,  that  in  Potsdam,  and  other  towns  in 
which  it  appears,  it  uniformly  rests  on  the  priniary  strata ; 
and  in  no  part  of  the  country  is  there  any  rock  which  inter- 
poses itself  between  it  and  the  primary,  so  that  it  appears 
here  as  the  oldest  representative  of  the  transition  series. 
The  identification  of  this  rock  with  the  sandstones  along  the 
southern  border  of  Lake  Ontario,  will  be  a  matter  of  some 
difficulty.  It  is  geologically  below  the  transition  limestone, 
and  neyer  in  the  northern  district  alternates  with  it,  but  al- 
ways holds  the  relation  of  an  inferior  rook.  So  much  is 
known  of  its  position,  bit  still  some  doubt  remains  as  to  its 
general  relation,  and  to  its  name  and  place  in  the  series  of 
rocks.     Some  call  it  the  old  red  sandstone ;  others  regard  it 

as  equivalent  to  the  new,  or  saliferous  rock  of  Eaton. 

•  «  «  «  «  «  « 

"  This  rock  is  a  true  sandstone,  of  a  red,  yellowish-red, 
gray  and  grayish-white  colors.  It  is  made  up  of  grains  of 
sand,  and  held  together  without  a  cement.  Intermixed 
with  the  siliceous  grains  are  finer  particles  of  yellowish  feld- 
spar, which  do  not  essentially  change  the  character  of  the 
sandstone,  but  they  show  the  probable  souice  from  which 
the  materials  forming  it  were  originally  derived,  viz.,  some 
of  the  varieties  of  granite.  Unlike,  however,  most  of  the 
sandstones,  it  is  destitute  of  scales  of  mica.  The  coloring 
matter  of  the  rock  is  evidently  oxide  of  iron,  but  unequally 
diffused  through  it,  giving  it  intensity  or  deepness  of  color 
in  proportion  eo  its  quantity.  In  some  places  it  is  almost 
wauling,  which  makes  it,  when  pulverized,  a  good  material 
tor  glass.  The  grains  and  particles  in  its  composition  are 
generally  angular,  but  where  it  takes  the  character  of  a  con- 
glomerate, as  it  does  in  the  inferior  layers,  they  are  fre- 
quently rounded.  The  thicker  strata  exhibit  an  obscurely 
striped  appearance,  owing  to  the  prevalence  of  certain  colors 
in  the  different  layers.'* 

Quartzite  similar  to  that  described  at  Redstone  was  again 
seen  in  the  southern  part  of  Sec.  7,  T.  106,  B.  36,  on  land 
belonging  to  the  St.  Paul  &  Sioux  City  R.  B.  It  presents 
here  a  small  surface  exposure,  in  a  ravine,  without  exhibit- 
ing any  distinct  bedding.  Its  surface  is  glaciated  in  a 
direction,  corrected  for  variation,  S.  34^  E. 

At  another  point,  perhaps  in  the  edge  of  the  next  sec- 
tion west,  (12)  is  a  larger  exposure  of  this  quartzite.    The 
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dip  18  4*  or  5®  N.  10**  W-  The  stone  is  very  hard,  but 
banded  with  light  and  red  beds,  evident  on  the  planed  sur- 
face and  on  the  fractured  side.  This  point  shows  glaciation 
S.  80®  E.  (corrected  for  variation.)  There  are  other  smaller 
exposures, -further  west  a  short  distance.  They  occur  fre- 
quently on  the  hillsides,  where  the  drainage  has  washed  off 
the  light  drift  which  contains  a  lew  boulders. 

At  still  another  point,  in  the  same  section,  the  glacia- 
tion is  very  evident.  There  is  here  a  trench,  traceable 
across  the  whole  extent  of  the  exposure,  a  distance  of 
several  rods,  which  does  not  perceptibly  vary  in  direction. 
It  is  a  foot  across,  and  two  inches  deep,  and  its  direction, 
corrected  for  variation,  is  S.  32®  E. 

There  is  an  extensive  and  important  ridge  of  this  quart- 
zite  not  yet  visited,  about  in  the  northern  part  of  T.  108, 
Ranges  35,  34  and  33,  situated  between  the  Big  and  Little 
Waraju  rivers. 

Mr.  I.  J.  Bochussen  is  authority  for  the  location  and 
further  items  of  other  outcrops  of  this  red  quartzite.  It 
may  be  seen,  according  to  his  description,  on  the  edge  of 
the  valley  of  Bock  river^  in  Bock  county,  three  miles 
north  of  Luverne.  It  consists  of  a  ridge  three  miles  long, 
running  N.E.  and  S.W.,  so  far  as  known,  its  average 
height  being  25  or  30  feet.  The  beds  lie  nearly  hori- 
zontal or  show  a  very  slight  dip,  and  are  from  one  to 
four  feet  in  thickness,  and  rather  easily  quarried.  Also 
on  the  road  to  Sioux  Falls,  15  miles  west  of  Luverne, 
and  two  and  three  miles  west  and  northwest  of  a  settlement 
known  as  Valley  Springs,  are  a  number  of  outcrops,  one 
large,  isolated  piece  being  known  as  Lone  Rock.  It  is  quar- 
ried at  one  point,  and  there  shows  conglomerate.  At  Sioux 
Falls,  15  miles  fuither  west,  in  Dakota,  the  same  rock 
forms  the  fall,  and  lies  in  heavy  layers  nearly  horizontal. 
The  aggregate  fall  is  120  feet. 

(i)   THE  GRANITES  OF  THE  VALLEY. 

The  following  account  of  the  granites  of  the  Minnesota 
valley  will  consist  of  a  location  of  outcrops,  and  a  descrip- 
tion of  their  physical,  outward  characters.  No  attempt  will 
be  made  to  classify  them,  or  to  refer  them  to  any  horizon  of 
rocks  exposed  in  the  northern  part  of  the  state.  There  has 
not  yet  been  sufficient  time  to  engage  in  mineralogical  or 
chemical  comparisons  with  the  northern  granites.  There  is 
no  hesitation  in  saying  that  they  are  a  eouthwestward  exten- 
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flion  of  those  northern  granites,  and  that  their  parallelisms 
probably  exist  and  can  be  referred  to  their  proper  places, 
when  a  sufficiently  detailed  examination  of  the  state  shall 
have  been  made. 

With  the  exception  of  the  small  exposure  of  flesh-colored 
granite  near  New  Ulm,  mentioned  by  Dr.  B.  F.  Shumard, 
the  first  outcrop  of  rock  of  this  kind  occurs  in  ascending 
the  valley  at  "  La  Framboise  Place,*'  where  it  rises  seventy- 
five  or  a  hundred  feet  above  the  level  ot  the  river.  This  is 
at  Little  Sock  creek,  about  four  miles  below  Fort  Bidgely. 
The  exposure  has  long  been  known  among  the  French  trad- 
ers as  La  Petite  Roche.  It  is  one  of  a  series  of  exposures 
in  the  same  vicinity,  extending  along  the  river  bottoms, 
mainly  on  the  north  side,  for  a  mile  or  two.  In  general  this 
rock  is  granite.  It  rises  in  low  knolls,  perhaps  50  feet 
above  the  flood-plain,  visible  from  the  «  state  road"  that 
skirts  along  the  foot  of  the  bald  drift  bluffs  on  the  north  side 
of  the  river.  Its  outward  appearance  is  that  of  a  reddish 
granite,  made  up  of  the  ternary  granite  compound,  the  sepa- 
rate grains  of  which  are  not  coarse,  the  largest  ones  being 
ths  feldspar.  The  quartz  is  milky,  or  often  amethystine ; 
the  mica  is  rather  scarce  for  typical  granite,  and  the  feldspar 
is  red  or  flesh-colored.  The  red  color  greatly  predomi- 
nates, giving  a  reddish  tinge  to  the  whole  stone,  wherever 
tho  weathered  surface  is  kept  free  from  lichens,  or  where 
the  interior  is  freshly  exposed  by  cuts  for  quarrying.  The 
drift  bluflis  are  not  at  all  afifected  in  contour  or  direction  by 
these  granite  knolls,  although  the  river  itself  winds  about  in 
the  lowest  channel  accessible.  No  regular  dip  is  distin- 
guishable. The  granite  shows  an  abundance  of  seams  and 
divisional  planes,  in  various  directions,  that  make  it  pre- 
sumptuous to  say  which  way  the  original  bedding  may  have 
lain.  The  only  circumstance  that  indicates  the  direction  of 
dip  is  the  occurrence  of  the  most  abrupt  faces,  in  numerous 
places,  on  that  side  toward  the  river,  the  opposite  slopes  being 
more  gradual,  descending  gently  toward  the  north,  as  if  the 
horizon  of  bedding  sloped  in  that  direction  at  an  angle  of 
350  or  40®." 

On  close  inspection  of  this  granite  with  a  pocket-glass, 
there  seems  to  be  much  uncertainty  about  the  color  of  the 
feldspar.  The  reddish  color  is  most  prevalent  outside  of 
the  feldspar  crystals,  or  only  on  their  surfaces,  as  if  the 
stain  arose  from  rustiness  and  weathering,  and  had  perme- 
ated the  loosened  granular  mass  by  being  in  solution  in  wa- 
ter. There  is  apowdry,  at  least  a  gritty  and  sandy  cement , 
81 
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which  fills  the  interstices  within  the  mass  and  between  the 
grains  of  quartz  and  the  crystals  of  feldspar,  that  seems  to 
be  generally  redder  than  the  distinct  quarts  or  feldspar  por- 
tions. Yet  that  loose  and  more  finely  pulyerized  part  seems 
to  be  made  up  entirely  of  quartz,  appearing,  on  close  exam- 
ination, to  have  the  light  color  and  distinct  fracture  of  glassy 
quartz,  the  red  color  vanishing  from  sight.  The  color  seems 
to  be  located  very  largely  in  the  cement,  as  in  the  red  quartz- 
ite  at  New  Ulm,  suggesting  the  query  whether  this  may  not 
be  more  highly  metamorphic  sandstone.  In  a  deep  frac* 
ture,  however,  the  red  color  is  much  less  observable,  beiog 
replaced  by  a  gray,  the  feldspar  grains  becoming  more  evi- 
dent, and  the  whole  rock  appearing  much  like  the  St.  Cloud 
granite. 

Above  Fort  Ridgely,  by  following  the  only  passable  road, 
a  number  of  granite  outcrops  were  not  seen.  At  a  poiat 
two  miles  below  the  Lower  Agency,  T.  112,  R.  34,  Sec.  10, 
Mr.  Wm.  H.  Post  lives  on  the  bottoms,  near  the  mouth  ot 
a  little  creek  coming  in  fiom  the  north.  From  him  the  fol- 
lowing statements  of  granite  in  the  bottoms  above  Fort 
Ridgely  were  derived.  It  outcrops  much  more  frequently 
on  the  south  side  than  on  the  norlh  side  of  the  river. 
Throughout  the  whole  distance  to  the  fort  (10  miles)  occa- 
sional mounds  of  bare  granite  rise  up  in  the  bottom  land. 
But  these  exposures  are  often  quite  small  and  at  some  dis- 
tance from  the  river.  At  Marshner's  Carding  Factory,  seven 
miles  above  the  fort,  are  a  number  of  granite  knobs,  in  the 
vicinity  of  a  lake  situated  in  the  bottoms.  Half  a  mile  further 
up  is  another  exposure,  but  more  or  less  connected,  by 
smaller  exposures,  with  that  at  Marshner's.  The  next 
principal  outcrop  between  Fort  Ridgely  and  Mr.  Post's,  is 
on  the  south  side  of  the  river,  and  is  visible  from  his  house. 
It  shows  a  conspicuous  bared  spot,  with  some  timber, 
rising  in  one  place  nearly  as  high  as  the  enclosing  bluffs, 
but  not  effecting  the  general  level  of  the  prairie,  unless 
it  be  in  causing,  as  has  been  observed  in  one  or  two  ocher 
places,  a  knobby  or  rolling  tendency  in  the  prairie  surface, 
with  gravel  and  boulders  strewn  over  the  surface  of  the 
knolls.  One  very  prominent  rock  rises  nearly  forty  teet 
above  the  general  level,  cone- like,  and  can  be  ascended  only 
on  one  side.     It  bears  a  few  cedars. 

At  Mr.  Poet's,  granite  outcrops  occur  at  two  places  in  the 
bottoms.  These  rise  but  few  feet  above  the  general  level. 
This  granite  has  a  strong  resemblance  to  that  at  La  From- 
boise's.  It  contains  but  little  mica,  and  the  feldspar  is 
flesh-colored.     The  color  here  penetrates  the  feldspar  crys 
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tals.  In  some  places,  however,  the  mica  is  more  abundantf 
and  the  feldspar  is  less  red. 

Birch  Coolie  Qteek  joins  the  Minnesota  in  Sec.  5,  T.  112, 
R.  34.  The  sides  of  this  ravine,  a  short  distance  above  its 
month,  are  in  granite,  which  is  more  or  less  decomposed. 
It  seems  to  have  a  dip  S.,  SE.,  and  SW.  The  only  place 
where  real  granite  can  be  seen  is  abont  30  rods  above  the 
mill  dam  of  Mr.  Eldridge.  It  here  rises  20  or  30  feet  above 
the  creek.  In  other  places  the  creek  runs  over  it,  making 
rapids  and  falls,  some  of  which  Mr.  Eldridge  has  improved 
tor  his  mill  power. 

A  substance  was  met  with  here  for  the  first  time  which 
was  afterwards  seen  at  a  number  of  places.  Its  ori- 
gin seems  to  be  dependent  on  the  granite.  Its  association 
with  the  granite  is  so  close  that  it  seems  to  be  a  result  of  a 
change  in  the  granite  itself.  It  lies  first  under  the  drift,  or 
under  the  Cretaceous  rocks,  where  they  overlie  the  granite, 
and  passes  by  slow  changes  into  the  granite.  It  has  some 
of  the  characters  of  steatite,  and  some  of  those  of  kaolin. 
In  some  places  it  seems  to  be  a  true  kaolin.  It  is 
known  by  the  people  as  **  Castile  soap."  It  cuts  like 
soap,  has  a  blue  color  when  fresh,  or  kept  wet,  but  a  faded 
and  yellowish  ash  color  when  weathered,  and  when  long  and 
perfectly  weathered,  is  white  and  glistening.  The  boys  cut 
it  into  the  shapes  of  pipes  and  various  toys.  It  appears  like 
the  pipestone,  though  less  heavy  and  less  hard,  and  has  a 
Tery  different  color.  It  is  said  to  harden  by  heating.  This 
substance,  which  may,  at  least  provisionally,  be  denomin- 
ated a  kciolin^  seems  to  be  the  result  of  the  action  of  water 
on  the  underlying  granite.  Since  it  prevails  in  the  Cretace- 
ous areas,  and  is  always  present,  so  far  as  known,  whenever 
the  Cretaceous  deposits  have  preserved  it  from  disruption 
by  the  glacier  period,  it  may  be  attributed  to  the  action  of 
the  Cretaceous  ocean.  In  some  places  it  is  gritty,  and  in 
others  it  may  be  completely  pulverized  in  the  fingers.  A 
great  abundance  of  this  material  exists  in  the  banks  of  the 
Birch  Coolie,  within  a  short  distance  of  its  mouth. 

In  the  bed  of  the  creek,  above  the  mill-dam,  several  veins 
are  seen  crossinflr  the  smoothed  surface  of  the  rock.  In  low 
water  these  can  be  closely  inspected,  and  their  composition 
and  structure  ascertained.  The  following  sketches  illustrate 
some  of  their  interesting  features. 

The  Structure  of  Ghraniiic  Veins  at  Birch  Coolie. 

The  vein,  a  part  of  which  is  illustrated  by  figures 
below,  is  in  granite,  and  is  made  up  of  granite.    The 
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4X>D8tituent  parts,  however,  in  the  vein,  are  much  finer, 
than  in  the  body  of  the  enclosing  rock,  and  show  a  deeper 
tinge  of  red  color.  Its  direction  is  S.W«,  and  it  is  four 
inches  wide.  It  is  visible  along  the  creek  250  feet,  and  it 
is  crossed  by  numerous  other  veins  that  are  mainly  quartz  • 
itic  and  narrow.  The  structure  of  the  main  vein  is  some- 
what schistose,  and  seems  to  be  harder,  judging  from  its 
forming  a  ridge  that  stands  above  the  general  surface  of  the 
rock  one  or  two  inches.  The  laminae  of  the  schistose  vein 
run  usually  at  some  angle  across  the  direction  of  the  vein, 
but  in  one  place,  where  there  is  a  slight  change  in  the  di- 
rection of  the  vein,  they  nearly  correspond  with  it.  Their 
usual  direction  is  nearer  N.  and  S.  This  main  vein  ia 
faulted  in  several  places,  and  is  divided  so  as  to  enclose 
an  irregular  oblong  area  at  one  point.  The  fault  here 
sketched  is  accompanied  by  a  verj^  little  quartzitic  deposit, 
but  there  is  no  constant  vein  of  quartz  crossing  the  main 
vein,  though  there  is  a  small  indistinct  seam  that  curves  off 
to  the  south  on  the  east  side.  The  laminae  in  the  two  sepa- 
rated ends  of  the  vein  exhibit  a  curving  in  opposite  direc- 
tions, as  if  they  had  been  somewhat  elastic  or  plastic,  and 
by  being  wrenched  apart,  had  bent  toward  each  other. 

Division  and  Reunion  of  Vein  at  Birch  Coolie. 


Faulting  in   Vein  at  Birch  Coolie. 
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The  following  diajsp'ams  represent  some  of  the  effects  of 
difiturbance  in  changing  the  direction  and  structure,  of 
yeins.  The  curvature  represented  in  the  first  below,  is 
a  part  of  the  same  vein  as  described  above.  It  is  accom- 
panied by  a  change  in  the  arrangement  of  the  minerals  in  the 
granite,  producing  a  curving,  schistose  lamination. 

Faulting  in  Vein. 


3ch—8chMo$t  ffraniU. 

In  the  second,  the  same  vein  is  intercepted  by  a  vein  that  hatf 
the  outward  aspect  of  orthoclase  felsite,  which  seems  to  be 
of  earlier  date,  inasmuch  as  the  former  is  discontinued  on 
reaching  the  latter.  The  discontinuance  of  the  smaller  vein 
seems  to  have  been  the  cause  of  a  certain  ramifying  schis- 
tose Ftructure  in  the  vicinity  of  the  point  of  contact  of  the 
two  veins.    The  felsite  vein  is  one  foot  wide,   and  has  » 
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flesh  color,  with  probably  considerable  quartz  crystallized 
with  it.  It  also  shows  some  mica.  It  faults  another  vein, 
and  hence  is  of  later  date  than  it. 

DiseorUinuance  of  Vein  in  Ghranite  at  Birch  Goalie. 


[For  "  Compact,  Crypto-cryetaline  blesite,**  read  Compact,  crypto-cryatalline  felsita.] 

Granite  of  the  same  composition  and  outward  appearance 
as  that  below  Fort  Bidgely  outcrops  on  both  sides  of  the 
Minnesota,  at  the  mouth  of  Crow  creek,  Sec.  35,  T.  113,  B. 
85.  It  is  here  also,  superficially  decomposed  to  the  depth 
of  several  feet,  forming  a  substance  resembling  kaolin,  al- 
ready mentioned  as  occurring  at  Birch  Coolie.  The  usual 
points  of  exposure  of  this  kaolin  are  in  the  banks  of  tlie 
little  ravines  that  enter  the  Minnesota  river.  It  is  generally 
overlain  by  deposits  of  Cretaceous  age,  comprising  clay, 
lignitic  shale,  sandstone  or  limestone.  When  the  water 
carries  this  kaolin  out  on  to  the  bottoms,  and  there  spreads 
it  over  the  surface,  it  becomes  dry  after  the  subsidence  of 
the  water,  and  then  appears  as  a  nearly  white,  exceedingly 
unctuous,  glittering  scum  covering  the  ground.     In  this  con- 
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dition  it  shows  minute  flakes   and  sheets,  that  appear  like 
exfoliations  of  talc. 

At  the  mouth  of  the  Redwood  river,  on  both  sides  of  the 
Minnesota,  granite  outcrops  give  rise  to  many  rocky  hills  and 
knolls.  The  Redwood  river,  for  some  distance  before  reaching 
the  Minnesota  bottoms,  is  channeled  through  granite  rock. 
This,  together  with  the  excavated  Cretaceous  rocks  overly- 
ing, and  the  drift  deposits*  gives  the  river  a  very  deep  gorge 
through  which  it  flows  at  a  rapid  rate,  sometimes  plunging 
over  precipitous  or  perpendicular  rocky  descents,  present- 
ing a  series  of  waterfalls,  rapids,  and  quiet,  deep  pools  of 
confined  water,  which  are  rarely  excelled  for  picturesque 
beauty.     The  river  falls  about  100  feet  in  half  a  mile. 

The  granite,  through  which  the  river  is  canoned,  is  usu- 
ally the  typical  ternary  compound,  but  shows  variations. 
It  is  sometimes  slaty  or  schistose.  Just  below  the  flouring 
mill  of  Messrs.  E.  Birum  and  Brothers,  the  rock  on  the  left 
side  is  cut  hy  divisional  planes  into  oblique  cuboidal  blocks, 
and  is  called,  in  the  absence  of  better,  a  **  building  stone," 
from  the  ease  with  which  it  could  be  quarried.  It  is  also 
schistose  made  up  largely  of  quartz  grains  which  are  coarse, 
mingled  with  fine,  glittering  flakes  that  may  be  talc  or  mica. 
The  greenish  color  of  the  whole  stone,  on  fresh  fracture, 
gives  the  rock  a  talcose  character,  although  there  are  also  oc  • 
casional  black  scales  that  are  plainly  micaceous.  The  most 
frequent  divisional  planes  here,  causing  the  slaty  or  schis- 
tose structure,  run  about  NE.  and  SW.,  and  slope  at  an 
angle  of  about  25  degrees  below  the  horizon,  toward  the 
SE.  This  rock  might  be  denominated  a  schistose  and  tal- 
cose quartzite. 

At  Redwood  Falls  the  granite  is  overlain  by  the  kaolin, 
which  has  been  mentioned,  presenting,  in  connection  with 
this  substance,  a  very  interesting  series  of  exposures,  and 
suggesting  very  interesting  questions  both  economical  and 
scientific.  About  a  mile  below  the  village,  on  the  left  bank 
of  the  river,  is  a  conspicuous  white  bluff*,*  composed  of 
white  kaolin  clay.  Near  the  top  of  this  bluff*,  where  the 
lains  wash  it,  it  is  silvery  white,  and  that  color  is  spread 
oyer  much  of  the  lower  portions,  though  the  mass  of  the 
lower  part  is  more  stained  with  iron,  having  also  a  dull  green- 
ish tinge.  The  white  glossy  conting  whicn  appears  like  the 
result  of  washings  by  rains,  is  spread  over  the  perpendfcu- 
lar  sides.  On  breaking  off  this  glossy  coating,  which  is 
sometimes  half  an  inch  thick,  the  mass  appears  indistinctly 

*ThisiB  prolmbly  Uiat  seen  by  Keating,  and  pronoanced  "  white  sandstone." 

Digitized  by  VjOOQIC 


I 

J 


168  ANNUAL     BBPOBT. 

bedded  horizontally,  but  contains  hard  lumps  and  irony  de« 
posits.  Further  down,  the  iron  becomes  more  frequent, 
and  gritty  particles  like  quartz  impede  the  edge  of  a  knite. 
The  bedding  also  is  lost,  and  the  closest  inspection  reveals 
no  bedding.  Yet  there  is,  even  then,  a  sloping  striation 
or  arrangement  oi  lines  visible  In  some  places  on  the  fresh 
surface,  that  corresponds  in  direction  with  the  directiou  of 
the  principal  cleavage  plane  ot  the  talcose  and  quartzitic 
slate  already  described.  In  other  places  this  arrangement 
is  not  seen,  but  the  mass  crumbles  out  in  angular  pieces 
which  are  superficially  stained  with  iron.  The  profile  of 
the  bluflf  here  presents  a  singular  isolated  knob  or  buttress 
that  rises  boldly  from  the  very  river,  connected  with  the 
main  bank  by  a  narrow  edge  along  which  a  man  cannot 
walk  with  safety.  On  either  side  of  this  bold  promontory 
are  retreating  angles  in  the  bluflf  along  which  a  descent  can 
be  made.  A  careful  inspection  of  these  ravines  and  ot  the 
adjoining  bluflfs  afiords  indubitable  proof  that  this  material, 
white  and  impalpable  as  it  is,  results  from  a  change  in  the 
underlying  granitic  rocks. 

Just  above  this  point,  is  another  exposure.  It  here  sup- 
plies what  is  locally  known  as  the  **  paint  rock,"  from  an 
enterprise  started  several  years  ago  in  the  manufacture  ot 
mineral  paint  from  this  material.  The  decomposed  granite 
here  has  very  much  the  same  appearance  as  the  kaolin, 
already  described,  at  Birch  Coolie,  but  contains  more  quartz, 
and  is  more  stained  with  iron.  It  has  a  greenish  color,  but 
within  might  be  blue.  It  passes  upward  into  the  greenish, 
and  then  white,  kaolin  clay  already  described,  but  it  stands 
out  in  a  crumbling,  rusty  buttress,  exposed  to  the  weather, 
and  has  quartzitic  veins  and  concretions,  iron-coated,  and 
often  an  impure  iron  ore  in  considerable  quantities.  It  shows 
silvery  or  shining  talcose  flakes,  the  same  as  seen  in  the 
so-called  building  rock,  a  short  distance  below  the  mill  ot 
Birum  brothers. 

A  short  distance  above  this,  nearly  opposite  Redwood 
Falls,  is  situated  the  rock  which  was  quarried  for  the  manu- 
facture of  paint.  This  has  in  every  lespect  the  same  char- 
acter and  composition  as  that  last  described.  It  consists  of 
a  perpendicular  bluflf  or  point,  standing  out  from  a  lower 
talus  that  rises  about  75  feeb  above  the  river,  to  the  hight  of 
75  feet  more.  On  the  top  of  this  is  the  drift-clay  hardpao, 
covered  by  four  or  five  feet  of  sand  and  gravel,  the  whole 
bluflf  being  about  150  feet  above  the  river.  This  bold  bluflf,  or 
promontory,  stands  between  re-entrant  angles,  its  face  fall- 
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ing  down  sheer  thirty  or  forty  feet.  There  is  here  visible 
an  irregular  slaty  or  cleavage  structure  in  the  rock,  that  at  a 
difitaDce  has  the  appearance  of  dip  toward  the  S.E.  30^. 
This  also  contains  quartz  veins  and  deposits,  accompanied 
by  iron,  in  some  places  too  abundantly  to  allow  of  bein^ 
cut  with  a  knife,  though  very  much  of  it  can  be  easily 
shaped  with  a  knife.  It  shows  '^  slickensides,''  or  surfaces 
that  seem  to  have  been  rubbed  violently  against  each  other, 
causios:  a  scratched  and  smoothed  appearance,  even  within 
the  body  of  the  bluff.  These  surfaces  are  concave  or  cur- 
ving, like  putty  hardened  after  being  pressed  through  a 
crevice. 

Between  Beaver  Falls  and  Vicksburg  the  granitic  rocks 
appear  almost  constantly  in  sight,  rising  in  mounds  or  bald 
irregular  slopes,  along  the  river  bottoms,  reaching  occas- 
ionally as  high  as  the  river  bluffs.  For  some  distance  above 
Beaver  Falls,  a  ridge  of  granitic  rock,  running  along  within 
the  bluffs,  divides  the  channel  into  two  parts,  both  of  which  are 
sometimes  occupied  by  water,  no  such  rock,  nor  any  other, 
being  visible  in  the  bluffs  themselves. 

At  eight  miles  above  Beaver  Falls  such  rock  occurs  in 
great  force  in  the  river  bottoms,  giving  the  appearance  of 
a  village,  at  a  distance,  partly  hid  by  the  scant  foliage. 
Here  it  occupies  the  whole  valley,  spurs  running  in  either 
direction  into  the  river  bluffs. 

At  Yicksburg  the  river  bottoms  are  crowded  with  granite 
mounds  and  hills,  some  of  them  holding  large  blocks  of 
hornblend  schist  that  lie  in  situ,  the  transition  from  granite  to 
schist  being  very  abrupt. 

After  passing  Patterson's  Bapids  (T.  114, 'ST),  the  next 
important  granite  exposure  noted  was  at  Minnesota  Falls, 
situated  in  the  north  part  of  town  115,  range  39,  although 
>mall  mounds  of  granite  occur  for  three  miles  below.  Here 
the  river  bottoms  are  occupied  by  a  schistose  granite,  which 
splits  up  conveniently  for  foundation  stone.  The  change 
in  the  character  of  the  rock  is  evident  in  the  generally 
turfed  condition  of  the  mounds.  The  rock  is  here  inter 
sected  by  veins  of  quartz  and  trap  dykes,  the  latter  beinff 
traceable  acioss  the  valley  for  halt  a  mile,  running  N.E.  and 
S.W.  This  trap  is  heavy  and  dark  green,  with  some  shin- 
ing faces  on  the  hornblend,*  when  freshly  broken.  In 
higher  levels,  and  apparently  overlying  this  bedded  scbis- 
tose  granite,  is  a  compact  hard  weathei  ing  granite.  It  is  of 
a  gray  or  greenish-gray  color,  much  resembling  the  St.  Cloud 
granite.  The  rock  at  Minnesota  Falls  differs  very  notice- 
22 
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ably  from  any  observed  in  the  river  valley  at  lower  points. 
It  is  bedded,  and  has  a  strong  dip  towards  the  S.E. 

At  a  pointy  a  short  distance  from  the  river,  up  a  little 
ravine,  that  joins  the  Minnesota,  opposite  Austin  and  Wor- 
den's  flouring  mill  at  Minnesota  Falls,  the  mineral  already 
described  as  kaolin,  or  ^*  paint  rock,''  may  be  seen.  This 
decomposing  £:ranite  here  holds  quartz  veins  and  deposits ; 
which  being  coated  with  a  lustrous  black  mineral,  or  hold- 
ing it  in  sheltered  angles  or  cavities,  has  attracted  the  atten- 
tion of  the  settlers,  who  have  regarded  it  as  possibly  an  ore 
of  silver  or  of  copper.  This  mineral  has  a  dark,  brown 
powder.  When  in  the  form  of  films  or  sheets,  or  larger 
globules,  it  parts  with  a  specular  cleavage.  In  some  places 
a  considerable  iron  rust  is  seen  in  this  quartz,  and  in  others 
drusy  or  peppery  crystals,  as  if  of  the  same  composition,  are 
scattered  over  the  surface,  making  it  appear  specked  under 
the  glass.  These  fine  crystals  make  a  lighter  powder. 
Prof.  Peckham  pronounces  this  mineral  to  be  haematite  iron 
ore.     It  is  specular. 

The  valley  all  the  way  between  Minnesota  Falls  and 
Granite  Falls  is  about  two  miles  wide,  and  presents  a  singu- 
lar billowy  prospect,  of  granitic  knobs,  rising  and  falling  oo 
all  sides,  the  river  worming  its  way  among  them  and  having 
frequent  rapids  and  water- falls,  useful  for  mill  privileges. 
At  Granite  Falls,  as  at  Minnesota  Falls,  and  all  the  way  be- 
tween, the  rock  in  the  valley  is  a  schistose  granite,  almost  a 
mica  schist ;  but  it  varies  to  a  hard  gray  granite  that  resem- 
bles that  at  St.  Cloud  both  in  color  and  composition.  This, 
however,  forms  but  a  small  part,  the  greater  portion  being 
schistose  or  laminated.  It  also  varies  to  a  red  granite,  i.  e. 
one  in  which  there  are  evident  flesh-colored  crystals  of  feld- 
spar. Those  two  variations  do  not  seem  to  lie  with  any  as- 
certainable fixed  relation  of  superposition  to  the  schistose  or 
bedded  granite,  but  rise  in  knobs  and  irregular  masses 
higher  in  the  valley  than  that.  They  are  not  wooded,  nor 
turfed,  the  schistose  granite  which  more  easily  decomposes 
being  generally  turfed. 

The  most  marked  peculiarity  of  the  granite  at  this  place, 
is  its*  constant  dip  toward  the  S.E.  This  has  been  observed 
at  several  other  points  before  reaching  Granite  Falls,  but 
some  uncertainty  has  generally  existed  In  regard  to  the  true 
character  of  the  lamination  seen,  and  it  has  not  been  spoken 
of  as  dip.  Although  the  usual  direction  of  inclination  is 
toward  the  S.E.,  it  varies,  at  Granite  Falls,  from  S.E.  to 
N.E.     It  amounts  to  25  degrees,  but  sometimes  reaches  40 
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degrees.  At  one  place  at  Granite  Falls  the  rock  dips  to 
the  north  for  some  distance.  The  red  and  grey  colors  are 
TarioQsly  mingled,  without  any  apparent  law  of  association 
or  alternation.  Although  the  patches  of  more  massive  and 
typical  granite  are  suitable  for  a  fine  building  material, 
they  still  show  the  same  dip  toward  the  S.B.,  and  are 
distinctly  bedded  throughout.  These  hard  knobs  rise  from 
ten  to  twenty  feet  above  the  general  level  of  the  other 
granite,  and  show  various  effects  of  running  water. 

The  trap  dykes,  the  direction  oi  which  is  shown  by  the 
adjoined  diagram,  occur  in  the  river  bottoms,  about  a 
mile  above  Granite  Falls. 

Trap  dykes  at  Oranite  FaUs. 

Bedded  Granite,   Dip  irregular. 


Trap  dyke,  90/t, 


Oranite,  dip  unaeeertainaMe^  HJt 

ir.E,  ■■■^— — ■    8.W. 

QreentUme  irt^  dyke,  48 /L 


OranitA,  dip  S.E, 

There  are  sadden  changes  in  the  rock  from  real  granite 
to  hornblendic  schist.  These  occur  irregularly.  A  change 
like  this  gives  rise  to  the  waterfall  near  the  flouring  mill  of 
Hon.  Henry  Hill,  the  fall  being  due  to  the  greater  resistance 
of  the  harder  rock.  The  trap  dykes  above  mentioned  also 
cause  rapids  and  waterfalls  where  they  cross  the  river. 

Between  Granite  Falls  and  Montevideo,  at  the  mouth  of 
the  Chippewa  river,  the  granite  occasionally  appears  in  the 
riyer  bottoms.  It  was  noticed  at  a  point  six  miles  below 
Montevideo,  on  the  north  side.  The  bedding,  supposed  to 
be  due  to  original  sedimentation «  still  dips  to  the  east.  It 
appears  sometimes  to  stand  nearly  vertical.  At  this  place 
occurs  a  belt  or  bed  of  hornblendic  schist. 

At  two  miles  below  Montevideo,  is  a  conspicuous  outcrop 
of  compact  hard  granite,  of  a  red  color,  lying  mainly  on  the 
north  side  of  the  river,  in  the  bottoms.  This  has  the  same 
dip,  VIZ.,  30  or  35  degrees  to  the  southeast.  The  beds  here 
regarded  as  representing  dip,  and  at  other  points  mention- 
ed, should  be  further  described.  They  are  in  thickness  ^ 
to  2  or  three  inches,  or  they  seem  sometimes  to  be  a  foot  or 
t¥ro.  When  weathered  they  appear  thiner,  and  the  granite 
then  sometimes  presents  a  slaty  structure,  the  edges  stand- 
ing out  feharply  at  the  angle  of  dip.     At  Minnesota  Falls, 
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and  from  there  to  Granite  Falls,  these  beds  are  so  micaceous 
as  to  make  what  has  been  termed  a  schistose  granite,  the 
whole  mass  becoming  easily  disrupted  by  frost  and  water, 
and  then  turfed  over.  But  at  this  place  the  beds  are  closely 
compacted,  and  the  whole  is  almost  massive.  The  thick- 
ness of  the  bedding  can  e^asily  be  seen,  however,  in  the  oc- 
casional thin  sheets  that  part  from  the  knobs,  or  in  the  stri- 
ations  that  mark  the  faces  of  the  waterworn,  bald  knobs. 
Although  these  knobs  rise  at  irregular  intervals,  and  are 
variously  situated  with  reference  to  each  other,  having 
sloughs  between  them,  yet  they  are  arranged  somewhat  in 
succession  in  one  direction,  making  rows  or  almost  some- 
times continuous  ridges,  running  parallel  in  the  direction  of 
the  strike,  N.E.  and  S.W.,  which  of  themselves  indicate  a 
system  of  bedding.  On  a  weathered  cross-section  of  the 
bedding,  the  marks  of  striation  or  sedimentation  often  show 
a  wavy  arrangement,  or  distorted  parallelism,  and  some- 
times they  vanish  and  widen  alternately.  The  dip  meas- 
ured in  one  place  is  here  58^,  10^  east  of  south.  At  another 
point,  very  near  the  last,  it  is  85^  in  the  same  direction. 
This  granite  has  the  color  and  apparent  composition  of  that 
seen  below  Fort  Ridgely. 

This  granite  shows  occasionally  a  knob  of  hornblendic 
schist,  rising  among  the  granite  mounds,  having  very  much 
the  form,  dip  and  bedding  of  the  granite. 

There  is  also  occasionally  a  mound  or  dyke  of  trap,  or 
greenstone,  split  into  shapeless  blocks  under  the  weather, 
2ie  planes  of  division  running  in  various  directions.  These 
have  no  bedding,  nor  dip,  but  are  very  heavy,  and  uniform- 
ly of  a  dark  green  color.  They  do  not  disturb  the  uniform- 
ity of  dip  in  the  granite. 

The  following  diagram  will  exhibit  some  of  the  features 
of  the  granite  as  exposed  two  miles  below  Montevideo : 
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Granite  (tco  miles  below  Montevideo^  Chippewa  Co. 


The  change  in  the  direction  of  dip  in  the  granite  here 
sketched  is  rather  less  sudden  than  here  represented.  The 
seaiDyOr  joint,  marking  the  point  of  contact  of  the  beds  dip- 
ping m  different  directions,  is  very  much  covered  with  turf, 
and  the  manner  of  union  cannot  be  ascertained  definitely, 
but  on  the  face  ot  the  bluff  (strike)  there  is  no  apparent 
disturbance  or  irregularity. 

A  belt  or  wedge-shaped,  lenticular  mass  of  hornblendic 
schist  occurs  in  the  granite  here  described,  on  the  land  of 
Mrs.  E.  A.  Hull,  having  more  easterly  dip,  and  running 
N.W.  and  S.E.  It  is  20  rods  long,  and  from  20  ft.  to  6 
rods  wide.  Its  dimensions  and  form  cannot  be  fully  and  ' 
exactly  seen.  It  appears  in  low  knobs  much  like  the  gran- 
ite, and  the  intervals  of  non-exposure  are  grassy. 

Mr.  L.  S.  Moyer,  county  surveyor  of  Chippewa  county, 
reports  granite  on  the  prairie,  three  miles  east  of  Montevideo, 
and  in  the  Minnesota  bottoms,  a  mile  above  Montevideo. 

Near  the  lower  end  of  Lac-qui-parle  lake,  granite  appears 
on  both  sides  of  the  lake.    It  is  usually  inaccessible  from 
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the  prevalenoe  of  water ;  but  in  the  dry  months  of  the  year 
it  can  be  reached  on  the  north  side  without  any  trouble, 
except  from  tall  grass  and  bushes.  There  are  three  or  tour 
small  bare  spots  on  the  south  shore  that  can  be  seen,  and 
three  or  four  others  that  rise  up  in  the  midst  of  the  lake. 
Two  of  these  spots  of  bare  rock  also  occur  on  the  north 
side,  near  the  foot  of  the  lake.  This  rock,  so  far  as  can  be 
seen  on  the  north  side,  shows  very  much  the  same  composi- 
tion as  further  down  the  river.  It  contains  quartz,  mica  and 
flesh-colored  feldspar,  with  patches  and  veins  of  quartz, 
some  of  which  are  mingled  with  porphyritic  feldspar.  The 
exposed  surfaces  are  annually  submerged,  or  nearly  so,  and 
do  not  exhibit  very  plainly  such  markmgs  as  indicate  sedi- 
mentation or  dip.  There  seems  to  be  an  indistinct  arrange- 
ment ot  the  mica  scales,  so  as  to  give  the  rock  a  schistose 
structure,  but  this,  although  generally  running  N.E.  and 
S.W.,  does  not  have  that  direction  invariably,  and  does  not 
at  all  represent  the  lamination  or  bedding  seen  below  and 
already  described.  In  only  one  small  area  can  there  be  seen 
wliat  looks  like  the  same  bedding,  and  there  it  is  but  six 
inches  in  thickness,  the  beds  being  one  or  two  or  three 
inches,  with  a  dip  of  75^  toward  the  S.E.  Jointino^  planes 
divide  the  whole  mass  into  blocks  and  rhombs,  four  or  five 
or  six  feet  in  thickness.  There  is  a  considerable  low  land 
about  the  lake,  much  of  which  is  flooded  at  the  wet  seasoa 
of  the  year,  but  it  is  stony  and  bushy,  and  has  the  appear- 
ance of  rock  in  a  great  many  places  near  the  surface.  Such 
appearances  are  seen  the  whole  length  of  the  lake,  and 
especially  on  the  north  side.  About  three  miles  above  the 
foot  of  the  lake,  rock  can  be  seen  on  the  south  side  at  two 
points,  rising  plainly  above  the  general  level  of  the  bottoms, 
and  ascending  in  the  slope  from  the  prairie.  Such  exposures 
continue  to  near  the  head  of  the  little  lake  on  T.  120,  R. 
44,  where  granite  appears  in  several  places  on  the  south  side 
of  the  river. 

Further  up  the  river,  near  where  it  enters  T.  120,  R.  44, 
may  be  seen  a  large  exposure  of  coarse  granite.  The  crys- 
tals of  feldspar  are  large  and  flesh- colored,  or  red.  Yet  the 
'granite  also  varies  to  a  lighter  color,  in  which  the  feldspar 
is  nearly  white.  It  shows,  in  the  latter  case,  a  perpendicu- 
lar jointing,  the  planes  being  one  or  two  or  three  inches 
apart.  The  whole  exposure  consists  of  bare,  massive, 
rounded  knobs,  cut  into  angular  rhomboidal  blocks,  by 
jointing  planes,  but  in  no  place  showing  the  dip  seen  lower 
down  the  Minnesota  river. 
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Granite  also  outcrops  about  three  quarters  of  a  mile  above 
Mr.  F.  Fraukhouse'Sy  on  the  south  side  of  the  river,  two 
miles  above  the  last. 

^  Bed  granite  also  appears  about  a  mile  further  up,  in  the 
river  bottoms,  near  Mr.  W.  Movius'  house,  presenting  an 
irregular  exterior,  showing  no  dip,  although  there  are  here 
also  conspicuous  jointing  planes.  This  is  about  three-fourths 
of  a  mile  above  the  mouth  of  the  Yellow  Banks  creek.  Op* 
posite  Mr.  Movius',  on  the  south  side,  in  the  bottoms,  may 
be  seen  another  similar  granite  mound. 

At  three  miles  below  the  foot  of  Big  Stone  Lake,  there  is 
a  tumultuous  outcrop  of  red  granite,  extending  to  the  lake 
on  both  sides  of  the  river.  I'his  shows  planed  and  striated 
surfaces  on  a  grand  scale.  These  marks  have  a  N.W.  and 
8.E.  direction  (corrected  for  variation),  or  that,  in  general, 
of  the  Minnesota  valley.  The  whole  rock,  including  the 
upper  surfaces  and  the  sides  of  the  mounds,  is  planed  off. 
The  best  exhibition  of  these  markings  is  seen  on  the  north- 
western slopes,  in  which  direction  there  is  a  system  of  joint- 
ing planes,  dividing  the  granite  into  blocks  that  have  at  first 
sight  a  strong  semblance  of  dip,  the  masses  breaking  off 
more  nearly  at  right  angles  on  the  southeast  side.  This  is 
a  coarse,  red  granite,  with  large  crystals  of  feldspar.  The 
following  diagram  illustrates  the  effect  of  the  jointing  in  the 
rock,  acted  upon  by  glacial  forces  from  the  northwest. 

Jointing  and  Qladation  at  Big  Stone  LaJce. 


Above  the  foot  of  Big  Stone  lake  there  is  no  known  out- 
crop of  granite  throughout  its  extent.  Cretaceous  rocks 
constitute  the  only  outcrops.  These  are  seen  sometimes  in 
the  little  creeks  that  enter  it,  and  are  outlined  as  terraces 
OD  its  banks. 

The  examiners  of  the  land  of  the  Winona  and  St.  Peter 
B.  R.  report  granite  in  situ^  on  the  prairie  T.  113,  B.  43, 
Sec.  17,  and  T.  113,  B.  39,  Sec.  29. 
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Further  examination  of  the  granitic  belt  was  made  at  Sauk 
Rapids  and  St.  C'oud,  for  the  purposes  ot  comparison  with 
the  granites  of  the  Minnesota  valley,  and  with  a  view  to 
some  parallelization ;  but  as  that  region  will  undergo  a  more 
detailed  survey,  and  no  results  were  obtained  bearing  on 
the  subject  of  the  relative  age  of  the  rocks  at  that  place  and 
the  granite  of  the  Minnesota  valley,  those  observations  are 
reserved  for  future  comparisons. 

(j)    THE  GBBTAOEOUS. 

In  the  progress  of  the  season's  work,  the  first  point  at 
which  these  rocks  were  seen  was  in  Dakota  county.  At 
Empire  City,  where  the  highway  crosses  the  Vermilion,  Sec. 
24,  T.  L14,  R.  19,  the  river  is  handsomely  terraced.  The 
valley  between  the  lowest  benches  that  rise  on  each  side  is 
from  one  to  two  miles  wide.  The  first  terrace  is  very  con- 
spicuous in  the  treeless  landscape,and  consists  superficially  of 
coarse  drift.  Its  crest  is  gently  rounded  off.  It  is  occu- 
pied with  fine  farms.  The  same  is  true  of  the  land  lying 
along  its  base,  which  might  be  called  the  flood  plain  of  the 
river.  Yet  it  is  probable  the  river  never  floods  the  greater 
part  of  it.  Some  of  this  plain  is  wet  and  grassy,  making  fine 
meadow  land,  and  other  parts  of  it  are  plowed  for  wheat. 
The  first  terrace  seems  sometimes  broken,  about  midway, 
into  two  terraces,  the  constancy  of  which  could  not,  hovf- 
ever,  be  discovered.  It  is  subject  to  numerous  re-entrant 
bends  and  other  sinuosities,  the  points  intervening  being 
stony  and  only  fit  for  pasturage.  The  pebbles  are  generally 
quartzitic,  and  lie  very  thick  on  the  surface.  They  are 
rounded  as  by  water.  The  hight  of  this  terrace  above  the 
river,  measured  by  Mr.  Furber  by  Locke's  level,  was  found 
to  be  81  ft.  3  in.  Above  this  terrace  there  is  a  further 
ascent  to  the  level  of  the  general  prairie.  What  part  the 
St.  Peter  sandstone,  which  forms  Lone  Rock  a  short  dis- 
tance north,  and  shows  an  outcrop  in  the  valley  a  short 
distance  up  the  river,  plays  in  the  formation  of  this  terraced 
slope  to  the  Vermilion,  cannot  be  certainly  ascertained,  but 
it  probably  is  very  small.  The  Cretaceous  clays  and  shales, 
with  their  associated  loose  sandstones,  however,  are  per- 
fectly adapted  to  the  formation  of  terraces  along  streams,  as 
has  been,  and  will  be  further  mentioned  in  describing  the 
Minnesota  valley,  and  they  are  believed  to  be  the  sole  cause 
of  these  terraces.  If  the  reader  wishes  to  investigate  this 
subject  further,  he  is  referred  to  those  chapters  and  para- 
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Sphs  that  describe  the  terraces  of  the  Minnesota,  and 
[)U88  the  drift  and  its  phenomena.  This  assignment 
of  these  terraces  to  the  agency  of  the  stratified  deposits 
of  the  Cretaceous  does  not  rest  on  bare  opinion.  The 
Cretaceous  clay  was  seen  in  outcrop  near  the  bridge  over 
the  Vermilion  near  Empire  City.  The  destructible  nature 
of  these  beds  causes  them  to  be  covered  by  loose  mate- 
rials,  which,  after  the  lapse  of  time,  spread  over  the 
entire  surface,  and  superficially  appear  to  compose  the  whole 
substructure.  The  beds  themselves  are  thus  only  outlined 
in  the  form  of  terraces. 

In  ascending  the  Minnesota  valley  the  first  point  at  which 
the  Cretaceous  was  identified,  so  far  as  it  can  be  without 
the  aid  of  fossils,  is  at  the  Asylum  farm,  near  St.  Peter,  in 
Nicollet  county.  It  lies  here  in  the  water-worn  openings  of 
the  Shakopee  limestone.  It  is  a  white,  or  greenish-white 
deposit,  holding  much  sand.  It  lias  a  great  many  flinty 
fragments,  and  some  siliceous  limestone  lumps.  The  latter 
are  rounded,  but  the  former  are  angular.  The  lumps  are 
porous,  crystalline,  hard,  and  gray  or  white.  No  fossils 
can  be  seen,  and  no  stratification.  It  seems  rather  to  have 
h^u  jammed  into  the  openings  in  the  Shakopee  stone.  A 
similar  exposure,  presenting  the  same  characters,  occurs 
across  the  river  from  St.  Peter,  and  about  a  mile  toward 
Easota,  in  a  bluff  by  the  side  of  the  road. 

A  heavy  bed  of  white  sand,  which  has  been  described  as 
probably  belonging  to  the  St.  Peter  sandstone,  ^p.  134),  oc^ 
curs  on  the  Blue  Earth  and  its  tributaries.  It  is  associated 
with  an  impure  iron  ore,  and  with  light  green  shale,  but  its 
exact  relation  to  them  has  not  been  ascertained.  It  may 
belong  to  the  Cretaceous. 

At  Mankato,  in  Blue  Earth  county,  a  series  of  very  inter- 
esting observations  were  made  on  the  Cretaceous,  throwing 
some  light  on  the  history  of  that  period  of  submergence 
which  brought  the  most  of  Minnesota  below  the  ocean. 
Where  the  road  to  South  Bend  crosses  the  Blue  Earth,  on 
the  east  side  of  the  bridge,  is  a  cut  in  greenish  clay,  by  the 
side  of  the  road.  This  deposit  of  clay  lies  in  a  nook  along- 
side the  bluff  of  Lower  Silurian,  and  doubtless  was  protected 
from  destruction  in  the  glacial  period  by  that  bluff.  It  is 
covered  with  drift,  and  at  one  place  occupies  a  clett  in  the 
Silurian  rock,  running  nearly  to  the  surface  of  the  ground 
at  the  top  of  the  bluff.  Its  position  here,  and  as  repre- 
sented in  the  following  sketch,  is  very  deceptive.  It  ap- 
pears very  much  as  if  in  place  in  the  Shakopee  stone,  but 
23 
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the  beds  of  that  stoDe  hold  as  low  a  place,  horizontally,  a 
little  further  to  the  left,  as  this  clay.  The  bluff  of  Lower 
Siluriau  can  be  seen  to  disappear  behind  the  clay,  in  some 

i)laces  the  clay  being  removed  so  as  to  show  the  bluff  at 
ower  points  than  at  others.  There  is  every  indication  th  it 
this  deposit  is  of  small  extent. 

The  Cretaceous  at  Mankato. 


A  vttifr-^  T  SttrfsC^ . 


KxjpiamM/o/n, 

Shakopee  Limestone. 

Bedded,  greenish  city,  weathering  white,  bnt  little  sandy. 

Sandy,  bedded  greenish  clay. 

Drift,  mostly  coarse  fragments  of  Shakopee  Limestone. 


Passing  along  the  right  bank  of  the  Blue  Earth  river  from 
the  highway  to  the  railroad  bridge,  we  come  to  a  cut  in  the 
Shakopee  stone.  This  is  in  the  same  horizon  as  that  just 
described,  and  shows  more  fully  the  mannei  of  superposition 
of  the  Cretaceous  on  the  Silurian  rocks.  This  cut  is  perhaps 
70  feet  above  the  river,  the  bank  of  which  is  composed  en- 
tirely of  rock,  the  lower  portion  ot  which  is  the  Jordan 
Sandstone,  and  the  upper,  the  Shakopee  limestone,  the 
latter  comprising  about  20  feet.  In  general  this  railroad 
cut  shows  a  mixture  of  Cretaceous  clay  with  the  Lower 
Silurian,  the  top  of  the  whole  being  thinly  and  irregularly 
covered  over  and  chinked  up  with  coarse  drift.  The  Lower 
Silurian  is  more  or  less  broken  and  tilted,  at  least  the  bed- 
ding seems  to  have  been  cut  out  into  huge  blocks  by  divi- 
sional planes,  which,  either  by  weathering  or  water- wearing, 
were  widened,  the  blocks  themselves  being  subsequently 
thrown  to  some  extent  trom  their  horizontality,  tipping  in 
all  directions.  The  opened  cracks  and  seams  were  then 
filled  with  the  Cretaceous  clay,  which  is  deposited  between 
these  loosened  masses,  and  sometimes  even  to  the  depth  of 
twenty  feet  below  the  general  surface  of  the  top  of  the  rock. 
The  clay  sometimes  occupies  nooks  and  rounded  angles, 
sometimes  sheltered  heJmo  heavy  masses  of  the  Silurian  beds. 
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The  clay  is  uniformly  bedded,  about  horizontally,  with  some 
Blope  in  accordance  with  the  surface  on  which  the  sedimen- 
tation took  place.  But  the  most  interesting  and  important 
feature  is  tiie  condition  of  these  old  Silurian  sui faces.  They 
are  rounded  by  the  action  of  water,  evidently  waves.  The 
cavities  and  porous  spots  are  more  deeply  eroded,  making 
little  pits  on  the  face  of  the  rock ;  or  along  the  lines  of  sec- 
tion of  the  sedimentation  planes  with  the  eroded  surface^ 
there  are  furiows  due  to  the  greater  effect  of  water.  The 
ronnded  surface  of  these  huge  masses  of  Lower  Silurian  is 
coated  with  a  thickness  of  about  a  half  inch,  or  an  inch  and 
a  half,  of  iron  ore,  which  scales  off  easily,  and  is  easily 
broken  by  the  hammer.  While  this  scale  of  iron  ore  is 
thicker  near  the  top  and  on  the  upper  surface  of  the  blocks, 
yet  it  runs  down  between  the  Cretaceous  clay  and  the  body 
of  the  rock,  so  as  to  prove  its  date  older  than  the  clay.  The 
conclusions  that  must  be  drawn  from  this  observation  are 
about  as  follows : 

Ist.  The  Silurian  rocks  were  long  weathered,  and  washed 
clean,  even  waterwoan  and  rounded,  at  this  place,  when 
they  went  below  the  Cretaceous  ocean.  Nothing  intervenes 
their  h*on-8tained  surfaces  and  the  clay. 

8nd.  This  point  seems  to  have  been  on  or  near  the 
ancient  shore  line,  where  the  violence  of  the  waves  was 
great.  These  rounded*  knobs  could  not  have  received  their 
coating  of  iron  if  constantly  submerged.  The  iron  indicates 
the  action  ot  atmospheric  gases  on  iron  held  in  solution  in 
water,  as  in  bog  ore  formation. 

3rd.  The  Cretaceous  clay  here,  whatever  be  its  place, 
in  the  Cretaceous  age,  was  deposited  in  a  quiet  ocean. 

4th.  This  bluff,  facing  to  the  south,  or  south-east,  like 
that  at  Mankato,  indicates  the  approach  of  the  Cretaceous 
ocean  from  that  direction,  though  this  may  have  been  only 
a  reef,  or  an  island,  just  before  the  further  submergence. 

5th.  There  may  have  been,  and  was  probably,  a  further 
deposition  of  clay  of  the  Cretaceous  age  which  was  destroy- 
ed and  transported  by  the  Drift  Period,  at  this  place. 

6th.  The  drift  succeeded,  and  was  not  violent  enough 
in  its  forces  to  disturb  these  tilted  and  waterworn  masses 
of  Lower  Silurian  limestone,  so  but  that  their  old  surfaces 
abut  still  unconformably  against  the  Cretaceous  clay. 

7th.  The  Cretaceous  sea  must  have  advanced  slowly 
over  the  Silurian  rocks.  These  washed  surfaces  could  not 
have  been  produced  when  the  sea  was  retiring,  else  the 
Cretaceous  sea  would  have  washed  out  the  clay.  Further 
the  clay  lies  directly  in  contact  with  these  surfaces. 
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8th.  The  Cretaceous  sea  must  have  goue  further  north 
and  east  so  as  to  deeply  submerge  these  disturbed  masses, 
in  order  to  have  deposited  such  fine  sediment  in  their  crev- 
ices. 

9th.  While  the  washed  surfaces  indicate  a  shore  line,  or 
a  reef,  the  clay  proves  deep  submergence. 

10th.  The  Cretaceous  sea  must  have  retired  rapidly,  so 
as  to  give  no  opportunity  to  wash  out  the  clay. 

11th.  These  washed  surfaces  must  have  been  produced 
as  the  sea  was  advancing. 

12th.  While  it  is  certain  that  the  Cretaceous  sea  ad- 
vanced slowly  on  the  land,  it  is  not  certain  that  it  retired 
rapidly.  The  clay  existing  there  may  have  been  protected 
from  the  retiring  shore  waves  hy  superimposed  beds  hun- 
dreds of  feet  thick — such  higher  beds  having  been  subse- 
quently removed  by  the  drift  forces ;  but  it  is  likely  that 
drift  forces  that  were  able  to  destroy  so  much  Cretaceous, 
would  also  so  have  disturbed  the  Silurian  masses  as  to  leave 
no  trace  of  the  clay,  or  even  to  have  transported  away  the 
Silurian  masses  themselves.  Hence  it  is  probable  that 
there  was  but  little  Cretaceous  deposited  over  the  remain- 
ing clay,  and  that  the  sea  retired  rapidly. 

The  adjoined  sketches  will  give  a  better  idea  of  the  posi- 
tion of  the  Cretaceous,  with  respect  to  the  Silurian. 

The  Cretaceous  on  Che  Lower  Silurian. 


Bxpicmatkm. 

ft.    Weathered  surface  of  Silarlan. 
b.    Cretaceous  Clay. 
C    Coarse  Drift. 
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ExpUmatUm. 

a.  Silniiftn  Rock,  cat  by  the  grading  of  .B.R. 

b.  Weathered  earfoce  of  SUorlan  Rock. 

c    Cretaceous  clay,  greenish  bine,  bedded, 
d.  Coarse  Drift. 

Od  Sec.  25,  T.  108,  S.  29,  (as  nearly  as  can  be  made 
out)  is  an  exposure  of  Cretaceous  Clay.  The  bank  of  the 
flood  plain  of  the  river  is  made  up,  almost  everywhere,  of 
sandy,  more  or  less  stratified,  alluvium.  But  here,  al- 
though having  about  the  same  hight,  it  is  made  up  almost 
entirely  of  a  mass  of  large,  water- washed  fragments  of  con- 
glomeritic  sandstone,  which  lie  in  confusion,  some  having 
fallen  down  into  the  water.  They  are  underlain  by  a  fine 
blue  clay,  without  gravel  or  pebbles,  belonging  to  the  Cre 
taceous.  Hence  the  sandstone  or  conglomerate  piec^  are 
not  in  situ^  but  pertain  to  the  drift.  Sometimes  a  layer  of 
driit-pebbles  and  cobble-stones,  about  three  inches  thick» 
separates  them  from  the  clay.  These  large  masses  are  8  or 
12  feet  long,  and  6  or  6  feet  thick,  and  are  scattered  in 
talua  over  the  Cretaceous  clay,  even  into  the  river. 

Dr.  B.  F.  Shumard,  in  his  report  on  the  Minnesota  val- 
ley, has  mentioned  an  outcrop  of  Formation  1,  capped  toith 
about  25  feet  of  gray^  concretionary  limeetone^  about  two 
miles  below  the  mouth  of  the  Waraju,  and  describes  it  as 
baviDg  disseminated  crystals  of  calcareous  spar.  His  an- 
alysis shows  it  to  hold  90  per  cent,  of  carbonate  of  lime.  A 
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very  long  search  was  made  for  this  exposure  in  the  season 
of  1873.  It  could  not  be  found — that  is  to  say,  nothing 
could  be  found  pertaining  to  the  Silurian  rocks.  A  sand- 
stone was  seen  in  outcrop  on  Sec.  16,  T.  109,  R.  29,  on  the 
north  side  of  the  river,  in  Nicollet  county,  quarried  a  little 
by  Wm.  Fritz,  which  proved  to  pertain  to  the  Cretaceous, 
holding  dicotyledonous  leaves  and  branches.  It  consists  of 
alternating  layers  ot  friable  sand  with  angular  shapes,  but 
little  rounded  by  attrition,  and  hard,  cemented  gray  sand- 
stone, which  is  sometimes  coarse  enough  to  be  styled  con- 
glomeritic.  The  section  here  is  as  follows,  the  upper  mem- 
bers being  somewhat  displaced  by  the  washing  out  of  the 
friable  layers. 

Section  in    Cretaceous  Sandstone.     Land  oj  Wm.  Fritz, 
Sec.  16,  T.  109,  E.  29,  Jficollet  Co. 

Vo.  1.  Hard,  gray  sandstone,  rusted  in  the  weather,  and  check- 
ing Into  beds  of  about  four  inches,— sometimes  one  or 
two  inches • ISin. 

No.  2.    Friable  white  sand lOin. 

No.  8.    One  course  of  gray  sandstone,  of  variable  thickness. . .  •     1-8  It 

No.  4.    Whitesand 6in. 

No.  6.  Gray  sandstone,  quarrying  out  in  layers  6-10  inches  thick, 
but  in  the  quarry  appearing  massive ;  very  hard,  the  ce- 
ment appearing  to  be  silica.  It  contains  fhigments  of 
wood,  charcoal  and  angiospermous  leaves.  Its  under 
surfkce  is  undulatory ,  its  thickness  varying  fjrom. 8-6  ft 

No.  6.    White,  Mable  sand,  seen 8ft 

This  whole  quarry  lies  perhaps  35  or  40  feet  above  the 
riyer,  and  40  or  50  rods  from  it.  The  persistency  of  this 
group  of  layers  is  evidenced  along  here  by  their  forming  a 
little  terrace  above  the  bottoms,  which  rises  about  25  feet, 
and  is  visible  for  more  than  a  mile.  Pieces  of  this  stone 
had  been  seen  at  lower  points  on  the  river,  said  to  have 
been  faken  from  the  beds  in  silUf  but  it  had  been  impossi- 
ble to  find  those  beds.  One  such  place  was  at  Mr.  £. 
Bowe's,  on  Sec.  23,  T.  109,  fi.  29,  on  the  south  side  of  the 
river. 

Four  miles  below  New  Ulm,  on  the  south  side  of  the  river« 
is  a  bluff  made  up  of  Cretaceous,  on  the  land  of  John  6rue- 
bel,  as  follows : 

Section  on  Sec.  2,   T.  109,  R.  30. 


No.  1     Black  allQYiam..... 

Passing  below  into— 
No.  8.    Clayey  aUQTium,  of  a  Ught-brown  color. 


2  ft. 
44ft 
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Ko.  8.    Bed  clay,  containlDg  some  sandstone  in  masses ;  stratiiled     21  ft. 

No.  4.    Belt  of  greenish,  sandy  clay 1ft. 

Passing  into — 

No.  5.    Sandy  clay,  of  a  ligbt  umber  color lift. 

No.  6.    Bedded  sandy  clay,  of  an  earth  color,  (same  as  No.  2) . .      2  ft. 

No.  7.  Greenish  sand,  the  color  coming  from  the  mixture  of 
green  shale  with  the  sand,  the  grains  of  sand  being  white 
quartz •      2  in. 

No.  8.    White  sandstone,  in  one  bed,  or  weathering  into  beds  of 

two  inches 1ft. 

No.  9.  Oreen  bedded  shale,  or  clay,  with  some  fine  sand  grains, 
and  some  laminations  or  thick  beds  that  are  all  white 
sand,  but  generally  maintaining  a  green  color,  seen 18  ft. 

No.10.    Slope  and  talus »••••      10ft. 

The  bedding  seen  in  the  foregoing  section  is  horizontal, 
and  shows  no  fossils.  Although  there  is  no  opportunity  at 
this  place  to  determine  whether  this  series  of  shales  lies 
above  or  below  the  sandstone  at  Fritz's,  by  an  observation 
made  in  the  bank  oi  the  road  at  the  crossing  of  the  Waraju, 
it  is  believed  to  overlie  that  sandstone,  but  to  underlie  a 
series  of  calcareous  beds  that  appear  in  the  right  bank  of  the 
river,  about  a  mile  below  the  mouth  of  the  Waraju.  The 
colors  near  the  top  of  the  foregoing  section  exchange  places 
a  little,  in  following  the  bluff  along,  drift  bouldels  and 
gravel  occupying  the  place  of  clay,  in  No.  3.  In  some 
places  the  red,  irony  stain  passes  down  lower.  It  is  likely 
that  the  red,  brown  and  ochery  colors  are  due  to  ferriferous 
waters,  since  the  deposit  of  the  Cretaceous,  and  to  oxygen  in 
the  air.  Hence  it  is  not  certain  that  the  drift  extends  through 
the  whole  of  No.  3,  although  drift  boulders  are  mixed  with 
it,  or  replace  it,  in  some  places.  When  evenly  bedded  and 
free  from  boulders,  it  undoubtedly  belongs  to  the  Cretaceous, 
the  drift  stopping  with  No.  2.  When  it  is  replaced  by 
boulders,  the  Cretaceous  is  only  so  much  the  more  worn 
away,  the  color  pervading  them,  or  passing  down  to  lower 
beds. 

From  the  mouth  of  the  Waraju  going  down  the  right 
bank  of  the  Minnesota,  a  regular  terrace  is  seen  to  rise  sev- 
eral feet  above  the  flood  plain.  About  a  mile  down,  this 
terrace  shows  its  origin  and  composition,  in  the  banks  of  a 
ravine  which  cuts  it.  (See  map  of  this  locality,  page  157.) 
Before  reaching  that  point,  however,  an  outcrop  of  **gray 
concretionary  limestone  "  is  seen  on  the  top  of  the  terrace 
plateau.  This  limestone  here  is  overlain  by  a  couple  of 
ieet  of  water-washed  limestone,  gravel  and  cobble-stones, 
mixed  toward  the  top  with  the  u^ual  black  alluvium.  The 
appearance  of  the  quarried  stone  is  like  dri/i  pieces,  and  the 
bed  from  which  it  is  taken  is    intersected    variously  with 
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divisional  planes,  cutting  the  mass  into  irregular  fragments, 
Tvhich,  on  being  taken  out»  appear  weathered.  Yet  there 
are  crystal-lined  cavities,  some  parts  of  it  being  mostly 
made  up  of  calc  spar.  Since  the  formation  of  the  crystals, 
calcareous  water  has  again  deposited  lime  on  the  edges  of 
the  crystals,  which,  having  first  been  of  the  thin  (axe- 
shaped)  variety,  have  now  the  appearance  of  separate  but 
crowded  cock's  combs,  the  little,  beaded  accretions  of  lime 
being  arranged  on  their  edges.  There  is  also  a  consider- 
able quantity  of  uncrystallized  lime  on  other  surfaces.  The 
interior  of  the  stone  is  of  a  light  gray  or  drab  color, 
and  when  compact  and  free  from  crystals,  is  very  fine 
grained.  It  is  said  to  make  a  white,  strong  quicklime,  of 
which  there  can  be  no  doubt.  This  limestone  outcrop,  which 
shows  only  about  16  inches,  is  within  a  mile  of  the  red 
quartzite  outcrop  near  New  Ulm,  the  bare,  bald  surfaces  of 
which  are  visible,  fi*om  this  point,  on  the  other  side  of  the 
Minnesota. 

A  little  below  the  last  described  exposure,  is  Mr.  Wm. 
Winkelmann's  lime-kiln  and  quarry.  The  stone  here 
burned  is  in  the  same  horizon,  and  comes  from  the  banks  of 
a  ravine  that  here  enters  the  Minnesota.  The  limestone  is 
much  mixed,  confusedly,  with  shale,  but  the  following  gen- 
eral section  can  be  made  out,  in  which  no  fossils  were  seen : 

Section  at  Wm.  Winkelmann^Sf  near  New  Ulnty  in  Brown 

County. 

No.  1.  Alluvium  and  boulders 2  ft. 

No.  2.  Green  shale,  interstratified  with  belts  and  irregular  no- 
dules or  masses  of  gray  limestone 15  ft. 

No.  8.  Qreen  shale 1  ft. 

No.  4.  White  sand,  varying  to  green  shale li  ft 

No.  5.  Green  clay 2  ft. 

No.  6.  Calcareous  shale,  or  marl,  with  some  argillaceous  matter  5  ft. 

N6.  7.  Green  shale,  or  clay,  with  blotches  of  red,  seen 1  ft 

Total 25i  fl. 

The  same  kind  of  greenish  marl  is  exposed  up  the  Wara 
ju,  the  immediate  bluffs  being  somewhat  wrought  in  it,  to  a 
point  just  back  of  New  Ulm,  where  the  bank  is  opened  by 
Mr.  Winkelmann  for  laying  pipes  to  supply  his  machinery 
and  brick-yard.  The  trench  which  he  has  dug  passes 
through  it  just  before  reaching  the  bank  of  the  Waraju  river. 
The  flat  on  which  New  Ulm  stands  seems  to  be  made  up  by 
a  terrace  wrought  in  the  Cretaceous.  The  surface  of  this 
flat  is  strewn  with  boulders. 
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Another  creek  joins  the  Minnesota  nearly  opposite  the 
mouth  of  the  Waraju,  and  also  affoids  such  exposures  of  the 
Cretaceous  limestone  as  to  invite  the  construction  of  lime- 
kilus.  The  sections  here  seen  are  not  so  favorable  as  ttiat 
of  Mr.  Wiukelmann,and  contain  more  shale,  some  of  which 
abows  also  a  red  color.  In  the  shale  are  crystals  of  selenite ; 
expot^ed  ten  feet.  The  kilns  at  this  place  are  owned  by 
John  Heiman  and  Francis  Baasen. 

On  the  Waraju,  about  three  miles  from  New  Ulm,  Mr. 
Christian  Daulieubach  has  established  a  manufactory  of  fire- 
brick. He  obtains  the  material  from  the  left  bank  of  the 
riyer,  where  the  Cretaceous  affords  the  following  section : 

Section  in  Cretaceous  on  the  Waraju  River: 

9o.  1.    Hard  pan  drift,  made  ap  of  clay  and  stones,  seen  abont. ..  SO  ft. 

Kg.  2.  White  sand,  the  age  of  which  la  nnceitaln,  containing 
irony  concretionH  and  depoMta.  It  la  aoroewhat  Indis- 
tinctly atratlfled  obliquely,  like  drift  sand,  and  has  some 
coarae  grains.  Ita  poaition  in  reference  to  the  overlying 
hard  pan  drift,  together  with  ita  thkkneRa  and  purely 
white  color,  indicates  its  a^^e  to  be  Cretaceons 100  ft. 

Vo.  8.  Bine  clay,  containing  some  aillceo-calcareoos,  irony 
lompa;  said  by  Mr.  l>iiuffcnbach  to  hold  aome  coal,  mixed 
with  ]No.  4  for  making  Are- brick 4  fl. 

lo.  4.  Sandy  marl,  probably  largely  alnmlnons,  pronounced  a 
ailicate  of  magiie8ia  by  ihe  chf  mist  of  the  Agricultural 
Department  at  Waahington.  It  is  white,  and  when  long 
submerged,  soft  and  fluid-like,  but  when  dry  haa  to  be 
qnarrled  by  blasting.  This,  mixed  at  the  rate  of  two- 
third««,  with  one-third  of  No.  8,  makca  a  fine  white,  fire- 
brick—seen 12  ft 

Total  higbt  of  bloff 146  ft. 

The  above  section  varies  in  short  intervals.  In  conneo- 
tioD  with  others  seen  at  New  Ulm,  it  shows  how  careful 
geologists  mu8t  be  iu  attributing  to  drift  all  that  is  found 
before  striking  the  indurated  rock. 

Under  the  guidance  of  Mr.  Dauffenbach,  about  half  a 
mile  further  up  the  river,  a  sandstone  outcrop  was  encoun- 
tered. It  rises  in  a  bluff  immediately  from  the  water,  on 
the  opposite  side  of  the  riVer.  In  this  sandstone,  which 
here  appears  fiim  and  massive,  and  which  is  probably  the 
equivalent  of  Mo.  2,  of  the  foregoing  section,  are  many 
irony  mud  balls,  or  concretions,  having  a  fancied  resem- 
blance to  plums  or  bananas.  They  vary  in  shape  and  size. 
They  have  been  gathered  as  fossil  **  fruits/'  and  sent  east  as 
rare  curiosities. 
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The  general  seotion  of  the  Cretaceous  at  New  Ulm,  is  as 
follows : 

No.  1.    Drift,  gravel  and  boolders,  with  a  sarface-loam  in 

some  places,  or  largely  made  np  of  sand 10  to  80  ft. 

No.  d.    Fine  clay,  bloe,  bc^dded,  weathering  white,  osed  for 

pottery  or  briclc 4  to  10  ft. 

No.  8.  Sand  orflne  gravel,  not  cemented,  readily  crumbling, 
containing  magoeslan  balls,  or  ronnded  lamps  made 
up  of  a  fine  white  powder— seen 20  to  80  ft. 

The  coDspicuous  Cretaceous  terrace  that  occurs  along  the 
Minnesota  at  New  Ulm,  is  due  to  this  fine  crumbling  sand, 
overlain  by  a  more  tenacious  clay  or  shale.  The  varying 
composition  of  the  Cretaceous  makes  it  difficult  to  establish 
the  hoiizontality  of  different  outcrops,  but  there  cannot  be 
much  doubt  that  No.  3  above  is  the  equivalent  of  No.  2  of 
the  section  on  the  Waraju. 

In  the  southwestern  part  of  T.  110,  R.  31,  is  another  im- 
portant exposure  of  the  Cretaceous.  It  is  in  the  banks  of 
the  Waraju,  and  consists  of  blue  clay,  and  is  used  by  the 
potters  both  at  Mankato  and  New  Ulm.  That  which  is 
most  highly  esteemed  is  taken  from  the  right  bank  about 
40  feet  above  the  river.  It  contains  no  gravel,  nor  any 
perceptible  grit.     It  is  owned  by  Silas  Barnard. 

A  trial  was  made  by  Mr.  H.  B.  Eaufer,  potter  at  Man- 
kato, of  a  clay  outcrop  on  the  other  side  of  the  river,  aboat 
a  quarter  of  a  mile  further  up.  Although  this  is  about  the 
same  altitude  above  the  river,  and  has  outwardly  the  same 
general  color  and  character,  it  is  said  to  have  proved  unfit 
for  potter's  use,  owing  to  the  occurrence  of  small,  black, 
hard,  roughened  pebbles,  that  can  be  broken  only  with 
great  pressure,  called  **  sulphur  balls."  These  small  specks 
weather  black,  and  are  doubtless  composed  of  crystalline 
Bulphuret  of  iron. 

At  Sleepy  Eye,  T.  110,  R.  32,  the  Winona  and  St.  Peter 
B.  B.  Company  are  sinking  a  well  for  artesian  water.  At 
the  depth  of  143  feet  the  drill  had  passed  through  the  fol- 
lowing section : 

Black  loam 5  or  6  ftet 

Gravelly, browD  clay 20feet. 

Gravelly,  blae  clay 115  feet. 

Soft,  pQlpy,  blae  clay,  that  necessitated  the  tublog 

of  the  well 8  feet 

Totaldepth US  feet. 

In  sinking  a  former  drill,  a  pocket  of  coal  was  met  in  the 
gravelly,  blue  clay,  at  the  depth  of  75  or  80  feet. 
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The  Cretaceous  again  occurs  in  the  banks  of  Little  Rock 
creek,  near  Fort  Bidgely,  and  was  at  one  time  explored 
there  tor  coal. 

At  a  point  two  miles  below  the  Lower  Sioux  Agency,  Sec. 
10,  T.  112,  R.  34,  on  the  north  side  of  the  Minnesota,  a 
small  creek  joins  the  river.  Up  this  creek,  about  three- 
quarters  of  a  mile  from  the  river  bluffs,  the  Cretaceous 
tppears  in  its  banks.  A  concretionary  marl,  or  apparently 
limy  earth,  of  a  white  color,  crumbles  out  under  the  pro- 
jecting turt.  It  appears  in  fragments  of  an  inch  or  two,  or 
sometimes  larger,  with  angular  outline.  The  surfaces  ot 
these  pieces  show  a  great  number  of  round  or  oval  spots,  or 
Hd^s,  which  seem  to  be  formed  by  the  sections  of  concre- 
tions inclosed  in  the  mass.  It  is  rather  hard  when  dry,  and 
nearly  white.  It  is  associated  with  a  blue  clay,  the  relations 
of  which  cannot  here  be  made  out. 

At  a  point  a  little  further  up  this  creek  appears  a  heavy 
deposit  of  concretionary,  rusty  marl,  or  ferro  calcareous 
substance,  the  exact  composition  and  proper  name  of  which 
it  is  impossible  to  give,  before  it  has  been  chemically 
examined.  It  is  in  heavy  beds,  that  fall  off  in  large  frag^ 
ments,  like  rock.  The  first  impression  is  that  the  bluff  is 
composed  of  ferruginous  conglomerate,  but  there  is  not  a 
foreign  pebble  in  it.  Every  little  round  mass  has  a  thin 
shell  which  is  easily  broken,  revealing  either  a  cavity  or  a 
loose,  dry  earth.  These  concretions  are  generally  not  more 
than  1-4  or  1-2  inch  in  diameter ;  seen  18  ieet.  tinder  this 
18  the  light,  concretionary  clay  or  marl  already  described. 

At  the  Lower  Agency  an  exposure  of  the  Cretaceous  oc- 
ean in  the  road,  seen  in  descending  to  the  terry.  It  con- 
sists of  a  sandy  marl.    Beds  horizontal,  or  nearly  so. 

In  the  banks  of  Crow  Creek,  which  enters  the  Minnesota 
Similes  below  Redwood  Falls,  the  Cretaceous  beds  are  car- 
bonaceous, and  have  been  considerably  explored  for  coal, 
on  the  land  of  George  Johnson.  In  1871,  \Vm.  H.  Grant, 
of  St.  Paul,  entered  upon  a  systematic  examination  ot  these 
layers,  drifting  into  the  side  ot  the  ravine  200  or  250  feet. 
This  work  is  said  to  have  cost  about  1 2, 000.  A  similar 
**coal  mine''  was  opened  in  the  banks  of  the  Redwood,  near 
Sedwood  Falls,  where  $5,000  are  said  to  have  been  expend- 
ed in  a  like  fruitless  attempt.  This  coal  is  from  one  of 
those  layers  in  the  Cretaceous  that  are  usually  known  as 
lignites.  It  is  earthy,  passing  sometimes  into  a  good  can- 
nel  ooai,  or  into  a  bituminous  clay.  The  compact  cannei  coal 
is  in  detached  lumps,  and   occurs  throughout  a  band  of 
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about  four  feet  in  thickness.  This  lignitic  band  was  fol- 
lowed in  drifting  into  the  bank  of  Crow  Creek,  and  wa» 
found  to  divide  by  interstratification  with  black  clay,  show- 
ing some  leafy  impressions  and  pieces  of  charcoal. 

The  **  coal''  here  is  said  to  overlie  a  bed  of  lumpy,  concre- 
tionary marl,  similar  to  that  described  at  two  miles  belov 
the  Lower  Agency,  or  two  and  a  half  miles  below  Birch 
Coolie.  In  some  of  the  concretions  are  small  shining  balls 
of  pyrites,  which  the  workmen  treasured  up  as  goid.  Over 
the  **  coal"  is  a  blue  clay,  requiring  a  timbered  roof  in  the 
tunnel.  This  clay  is  likewise  Cretaceous.  The  underlying 
lumpy  or  concretionary  white  marl  becomes  siliceous,  or 
even  arenaceous,  the  concretions  appearing  more  like  chert. 
Some  of  it  is  also  pebbly,  showing  the  action  of  water  cur- 
rents. 

The  same  lignitic  coal  occurs  near  Mr.  Johnson's,  on  the 
land  of  Hugh  Curry,  Wm.  H.  Cornel!,  E.  O.  King  and  Mr. 
Riker's,  in  the  little  ravines  that  enter  the  Minnesota,  the 
exposures  being  kept  fresh  by  the  freshet  waters.  More 
or  less  exploring  and  drilling,  besides  that  done  by  Mr. 
Grant,  has  been  engaged  in,  m  this  vicinity,  but  never  with 
any  better  success. 

Near  Redwood  Falls,  on  land  of  Mr.  Birney  Flinn,  is 
another  outcrop  of  carbonaceous  deposit  in  the  Cretaceous. 
This  is  seen  in  the  left  bank  of  the  Redwood  river.  It  is  in 
the  form  of  a  black  bedded  clay  or  shale,  five  or  six  feet 
thick,  more  or  less  mingled  with  charcoal  and  ashes,  the 
whole  passing  below  into  charcoal  fragments  mixed  with  the 
same  ash-like  substance.  In  the  latter  are  sometimes  large 
pieces  of  fine,  black,  very  compact  coal,  the  same  as  that 
already  spoken  of  at  Crow  Creek,  as  cannel  coal.  These 
masses  show  sometimes  what  appears  to  the  eye  to  be  fioe 
woody  fiber,'  as  if  they,  too,  were  simply  charred  wood. 
Further  examination  will  be  needed  to  determine  their  ori- 
gin and  nature.  They  constitute  the  only  really  valuable 
portions  of  the  bed,  the  lia:ht  charcoal,  which  everywhere 
shows  the  distinct  woody  fiber,  being  generally  mixed  with 
the  light  ashy  substance,  and  in  a  state  of  fine  sub Jivision. 

A  short  distance  above  Mr.  Flynn's  land  is  that  of  George 
Houghton,  where  the  Redwood  Falls  Coal  Mine  was  opened. 

This  mine  consists  of  a  drift  into  the  bluff,  forty  feet^ 
following  a  lignite,  or  charcoal  bed  in  the  Cretaceous.  The 
bed  here  is  seven  feet  thick,  the  greater  part  of  it  being 
made  up  of  black,  bedded  shale  or  clay,  though  Mr.  Flynn 
is  authority  for  the  statement  that  it  showed  a  great  deal 
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more  of  the  real  charcoal  than  any  other  point  discovered. 
Some  fragments  that  lay  near  the  opening,  contained  about 
Dine  parts  of  light  charcoal  to  one  of  ash,  the  whole  very 
slightly  cemented,  and  so  frail  as  to  hardly  endure  trans- 
portation. In  this  drift  were  also  numerous  pieces  of  what 
is  described  by  the  owners  both  here  and  at  Crow  Creek, 
as  **  stone  coal.''  It  is  the  same  as  that  mentioned  as  prob- 
ably a  cannel  coal,  occurring  at  Crow  Creek.  It  is  these 
harder  lumps  that  is  found  scattered  in  the  drift  throughout 
the  southwestern  part  of  the  State,  so  often  mentioned  in 
the  newspapers. 

Up  a  little  creek  that  comes  into  the  Yellow  Medicine 
river  from  the  south,  near  the  village,  is  an  exposure  of  fine 
stratified  blue  clay  that  weathers  to  a  yellowish  color.  It 
has  a  thickness  of  at  least  ten  or  fifteen  feet. 

At  a  point  six  miles  below  Montevideo,  on  the  north  side 
of  the  Minnesota,  there  is  a  terrace  within  the  main  river 
bluffs,  extending  along  the  river  for  three  miles  at  least, 
CD  which  there  is  a  wide  plateau.  This  terrace  rises  45  or 
50  feet  above  the  water,  the  flood  plain  being  about  12  feet. 
On  examining  for  the  cause  of  this  terrace,  the  only  indur- 
ated rock  lound  was  in  a  little  point  that  Juts  out  toward 
the  river  about  on  a  level  with  the  top  of  the  terrace ;  and 
that  consists  of  granite,  overstrewn  with  boulders.  The 
terrace,  however,  is  probably  not  due  to  underlying  gran- 
ite, for  the  surface  oi  granite  would  not  be  so  nearly  level 
as  to  give  the  uniformity  and  regularity  of  outline  here  seen. 
It  is  more  likely  that  Cretaceous  rock,  of  a  fragile  and 
crumbling  character,  is  concerned  in  giving  form  to  this 
terrace,  as  has  been  seen  in  a  number  of  other  cases. 

A  mile  further  up  the  river,  this  bench  shows  a  fresh 
section  down  to  the  water  level.  In  general,  the  whole  con- 
sists of  fine  sand,  in  which  swallpws  burrow  and  breed.  It 
stands,  however,  in  nearly  perpendicular  walls,  something 
like  the  •'bluff."  Yet  it  is  not  the  hluf^  because  it  is  too 
fine,  has  no  shells  nor  pebbles,  and  is  stratified.  It  also 
becomes  a  bright  blue  color  near  the  water  level,  and  shows 
a  stickey,  clayey  consistency,  indicating  a  good  material  for 
brick.  It  cannot  be  of  the  same  date  and  origin  as  the  blujf^ 
since  it  is  an  isolated  instance  of  the  occurrence  of  such  beds 
along  the  Minnesota  valley.  It  has  very  much  the  charac- 
ter of  a  late  alluvial  deposit,  but  rises  too  high  to  be  of  the 
^ame  date  as  the  flood-plain  of  the  river.  It  is  throughout 
mainly  sand.  The  sedimentation  is  not  always  horizontal, 
if  the  individual  layers  be  regarded  separately,  but  it  is  if 

Digitized  by  VjiOOQlC 


190  ANNUAL  BltFOBT. 

taken  collectiyely.  There  is  a  wave-like  arrangemant  or 
anastomosiDg  of  layers ;  some  are  quite  oblique  and  cross- 
bedded.  In  soae  parts  of  the  upper  25  feet  there  is  a  rasti- 
ness,  confined  to  certain  thin  beds,  which  makes  them  adhere 
in  masses  after  falling  out  of  the  bluff,  and  at  a  distance 
have  something  ot  the  appearance  of  sandrock.  These, 
however,  crush  down  at  once  under  the  hammer,  or  even 
in  the  fingers.  While  this  deposit  has  very  much  the 
aspect  of  fine  drift,  its  occurrencel  here  in  the  form  of  a 
wide,  continous  plateau,  rising  nearly  fifty  feet  above  the 
water,  makes  it  very  probable  that  it  belongs  to  the  Cre- 
taceous, although  it  differa  from  any  rock  of  that  age  before 
seen. 

About  half  a  mile,  a  little  west  of  south  from  the  stage 
station  at  the  head  of  Big  Stone  Lake,  in  Dacotah,  an  ex- 
posure of  Cretaceous  occurs  in  the  right  bank  of  the  upper 
Minnesota.  It  shows  superficially  only  a  weathered,  sliding 
talus  of  shale,  which  is  black  and  somewhat  slaty,  but  which 
on  digging  becomes  moister  and  soft  and  somewhat  flexible^ 
yet  parting  into  small  chips.  Over  the  surface  of  the  ground, 
where  this  shale  outcrops,  the  turt  is  prevented  from  grow- 
ing, and  two  conspicuous  obiects,  weathered  out  from  the 
shale,  are  seen.  1st.  Little  angular  crystals  of  pure  gyp- 
sum, the  largest  seen  weighing  not  over  halt  a  pound.  2d. 
Little  angular  bits  of  yellowish  red  ochre,  that  are  hard  and 
thin,  but  can  be  cut  with  a  knife.  There  is  also  an  occa- 
sional piece  of  brecciated,  clayey,  or  at  least  aluminous  rock, 
the  cracks  and  surfaces  of  which  are  filled  and  coated  with 
crystals  ot  calc-spar.  When  broken  by  the  hammer,  these 
part  along  the  numerous  planes  that  on  either  side  are  lined 
by  this  calc-spar,  and  each  fragment  is  entire,  appearing 
itself  a  mass  of  calcite.  It  is  only  by  several  atttempts  that 
a  view  of  the  interior,  on  which  these  coatings  are  formed, 
can  be  obtained.  The  thickness  of  this  shale  bed  cannot  be 
ascertained.  The  angular  bits  of  ochre  are  most  numerous 
near  the  top,  where  the  drift  supervenes,  but  the  gypsum 
crystals  are  scattered  over  the  whole  outcrop.  The  indica- 
tions are  that  the  gypsum  and  ochre  are  embraced  within 
the  shale,  and  become  superficial  by  weathering.  The 
whole  may  be  twenty-five  feet  thick. 

This  shale  bed  is  the  cause  of  a  terrace  in  the  descent 
from  the  high  prairie,  and  of  numerous  springs  that  issue 
below  the  drift,  about  sixty  feet  below  the  prairie  level. 
These  springs  excavate  narrow  ravines  and  **  gulches ''  in 
the  shale,  the  whole  being  smoothly  turfed  over,  except  at 
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the  point  above  described.  These  alternatiDg  gulches,  and 
the  intervening  short  pieces  of  the  remaining  terrace,  make 
the  bluff  in  general  appear  hilly,  in  its  ascent  from  the  bot- 
tom-land. These  ravines,  in  the  wet  season  of  the  year,  are 
very  soft,  and  since  they  appear  practicable  tor  a  horse,  are 
the  cause  of  many  misfortunes  to  the  traveler.  Many  such 
treacherous,  springy  places  are  described  as  occurring  along 
the  shores  of  lake  Travers,  at  some  elevation  above  the 
waters  of  the  lake.  The  same  rolling  ascent  from  the  bot^ 
torn -land  to  the  high  prairie  can  be  seen  also  at  the  head  of 
Big  Stone  Lake,  on  the  Minnesota  side,  and  it  is  there 
doubtless,  due  to  the  same  cause. 

General  Section  of  the  Cretaceous  in  8outhv>estem  Minneeoia. 

The  limited  observations  that  have  been  made  on  the  Cre- 
taceous in  Minnesota,  will  not  warrant  a  conclusion  on  the 
alternation  of  parts  described  in  the  foregoing  account  of  the 
Minnesota  valley.  The  beds  are  nearly  horizontal  every- 
where seen,  a  fact  which  makes  it  necessary  to  pass  over 
long  intervals  biiore  looking  for  a  change  in  the  observed 
horizon.  While  this  simplifies  the  problem,  it  leaves  out  of 
the  account  the  possible  changes  that  may  exist  in  the  char- 
acter of  the  sedimentation  on  any  geological  horizon,  and 
introduces  an  element  of  uncertainty  in  any  attempt  to  gen- 
eralize the  rocks  of  the  Cretaceous.  Future  observations 
made  in  detail  in  the  various  counties  crossed  by  the  Minne- 
sota and  its  tributary  valleys,  will  throw  very  much  light  on 
the  question  of  the  supposition  ot  the  outcropping  members 
that  have  been  seen  tho  past  season.  The  following  arrange- 
ment is  altogether  provisional,  and  is  intended  to  express 
Buch  superposition  as  seems  to  be  correct,  in  the  light  of  the 
ialormation  now  at  hand. 

In  descending  order. 

1.  Shale  holding  gypsum.    Big  Stone  Lake. 

2.  Clay  and  lignite  clay.    Crow  Creek  and  Redwood  Falls. 
8.    CoDcretionary  marl.     Sec.  10,  T.  112,  B.  84. 

4.    Potter*!!  clay.    New  Ulm  and  T.  110,  R.  81. 

6.  Baoffeubach'tt  fire- brick  section.  Waraja  river,  (perhaps  the  aand- 

stODC  been  near  Bed  Jacket  Mills,  and  at  Garden  City,  belongs 
here,  (p.  188.) 
f«   Llmetttone  and  shale.    Wlnkelmann'a  qoarry,  near  the  month  of 
the  Waraju  river. 

7.  Sandy  shale.    Ornebers  section,  Sec.  9,  T.  109,  R.  80, 
i.   Sandstone.    Frita's  quarry,  Sec.  16.  T.  109,  R.  29. 
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(k)     Tfie  Drijti  and  the  general  Topograph]/  of  the  VaUey. 

Southwestern  Minnesota  is  oharacterized  by  extensive  drift 
deposits.  They  are  spread  so  evenly  over  the  whole  country, 
that  to  the  eye  ot  the  traveler,  there  are  but  few  iaiportant 
variations  from  a  dead  flat.  One  vast  plain  seems  to  spread 
out  on  all  sides.  The  view  is  only  obstructed  by  the  nar- 
row timber  belts  that  skirt  the  valleys  of  streams,  or  by  the 
dim  haze  in  which  the  horizon  is  itself  lost  to  sight.  There 
are  minor  irregularities  of  surface  due  to  the  occurrence  of 
gravelly  knolls,  and  to  the  erosion  wrought  in  the  surface 
by  streams  of  water,  but  these  do  not  affect  materially  the 
general  flatness  of  the  whole  region. 

The  general  composition  of  the  drift  is  such  as  to  prove 
its  origin  to  have  been  due  to  glaciers.  By  far  the  largest 
part  consists  of  **  blue  clay,"  the  surface  of  which  is  weath* 
ered  to  a  yellowish  brown  to  the  depth  of  15  or  20  feet. 
This  contains  gravel  stones  and  boulders,  yet  it  is  nearly, 
and  often  quite,  impervious  to  water.  There  are  places, 
especially  along  the  immediate  valleys  of  the  principal  drain- 
age courses,  in  which  the  drift  shows  a  very  sandy  and 
gravelly  composition,  the  sand  and  gravel  being  deposited 
in  oblique  and  vanishing  layers,  often  to  the  depth  of  over 
fifty  feet.  This  character  is  very  com  non  along  the  Min- 
nesota from  Mendota  to  Mankato.  In  this  case  the  main 
bluffs  of  the  river,  constituting  the  principal,  and  the  first, 
descent  from  the  prairie  level,  are  made  up  of  such  strati- 
fied deposits,  but  at  a  short  distance  from  the  river  valley, 
in  either  direction,  the  typical  unmodified  glacier  drift  re- 
turns with  its  full  development. 

Besides  these  instances  of  stratified  gravel  and  sand  in 
the  drift  along  the  immediate  river  valleys,  isolated  knolls, 
or  clusters  of  knolls,  composed  of  the  same  materials,  are 
sometimes  seen  rising  boldly  and  conspicuously  from  the 
midst  ot  the  level  prairie,  reaching  all  bights  up  to  a  hun- 
dred feet  or  more.  Such  knolls  are  sometimes  feriiferous, 
and  the  gravel  is  hardly  cemented,  making  a  crag,  with 
lumps  of  impure  bog-ore.  This  ore  is  not  now  properly  a 
bog'Ore,  since  it  lies  on  the  sides  of  gravel  knolls,  one  or 
two  hundred  feet  high,  (as  on  the  Maple  river,  near  the  Red 
Jacket  Mills,)  but  it  is  probably  a  brown  UaemUite.  It  is 
very  siliceous  and  not  likely  to  be  of  economical  value. 
These  gravel  knolls  are  sometimes  very  stony,  with  north- 
ern boulders.  Instances  of  such  gravelly,  rolling  tracts, 
sometimes  of  large  extent,  were  noted  in  the  reconooissanoo 
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made  the  past  season,  as  follows:  A  belt  of  grarelly 
knolls  runs  from  the  southeast  part  of  Faribault  county,  to 
about  the  center  of  the  same.  South  from  Lura  it  may  be 
seen  across  the  treeless  prairie,  and  is  scantily  wooded.  It 
furnishes  the  only  stone  useful  for  building  or  for  founda- 
tions, in  the  form  of  northern  boulders,  that  can  be  found 
throughout  a  wide  extent  of  country.  This  gravel  belt  rises 
considerably  higher  than  the  village  of  Wells,  and  probably 
gives  source  and  head  to  the  artesian  overflow  of  water  that 
Uiere  exists.  These  artesian  wells  are  115  feet  deep,  and 
passed  through  *•  blue  clay."  In  about  the  center  of  T. 
110,  B.  32,  is  a  gravelly  ridge  or  succession  of  drift  knolls, 
mnning  NNW.,  showing  boulders  on  the  surface.  The 
country  about  is  flat  and  prairie  like,  covetred  with  the  hard- 
pan,  glacier  driit,  and  these  knolls  are  quite  a  relief  to  the 
eye.  One  can  hardly  resist  the  conviction  that  rock  in 
tUu  must  occur  somewhere  exposed  in  these  knolls,  and  it 
is  only  after  a  lengthy  examination  that  their  true  character 
is  established.  This  ridge  runs  about  a  mile  east  of  Sleepy 
Eye  village,  and  the  separate  knolls  rise  25-40  feet.  They 
lie  about  on  the  strike  of  the  red  quartzite  from  New  Ulm. 
Tiie  eastern  ascent  of  the  Coteau  des  Prairies  enters  Min- 
nesota from  the  NW.,  in  the  southwestern  part  of  Yellow 
Medicine  county.  East  of  this  ascent  about  ten  miles  is  a 
range  of  gravel  hills  running  nearly  N.  and  S., known  at  their 
southern  extremity  as  the  **  Cobble  Knolls,"  and  at  their 
northern  as  the  **  Antelope  Hills."  They  are  composed,  as 
theur  name  indicates,  of  drift.  They  have  a  general  exten- 
sion N.  and  S.,  but  yet  they  occur  in  clusters.  Some  are 
quite  sharp  and  abrupt.  They  rise  from  125  to  200  feet 
above  the  surrounding  prairie.  They  are  smoothly  rounded 
on  their  summits,  and  overstrewn  with  viones  and  boulders- 
the  latter  showing  frequent  glacial  surfaces,  even  on  the  top, 
The  Sfrass  and  weeds  are  short.  The  soil  is  thin..  Little 
gravel  stones  almost  cover  the  surface.  The  knolls  them- 
selves consist  largely,  without  doubt,  of  stratified  gravel 
and  sand,  like  a  great  many  others  that  have  been  seen  in 
different  parts  of  the  driit  latitudes,  (  Choi,  of  Iowa,  1870, 
Vol.  l,j>.  99;  Geological  Survey  oj  Ohio^  under  Hardin, 
Allen,  Delaware  and  Auglaize  counties;  Proceedings  of  the 
American  AseociatioHf  1872,^.  164.) 

They  can  be  seen  to  extend  six  or  eight  miles,  and  per- 
haps are  traceable  further  than  that  distance.     From  their 
tops  a  magnificent  view  of  the  prairies  on  all  sides,  and  of 
the  Coteau  toward  the  west,  can  be  bad.    A  similar  range 
26 
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of  drift  knolls,  but  much  smaller,  was  seen  about  six  miles 
east  of  this  range,  running  also  in  the  direction  N.  and  S. 
For  reasons  that  cannot  be  here  enumerated,  these  gravel 
ridges  are  believed  to  mark  the  location  of  the  strike  of  dif- 
ferent formations  of  rock,  which,  with  each  other,  formed 
such  inequalities  in  the  surface  passed  over  by  the  great 
glacier  as  to  fracture  the  ice  profoundly.  The  streams  of 
water  that  entered  and  ran  through  such  cravasses  were  suf- 
ficiently powerful  to  wash  out  the  clayey  portions  of  the 
drift,  and  to  arrange  the  coarser  in  various  stratification. 
After  the  withdrawal  of  the  ice,  the  ridges  of  gravel  mark 
the  general  location  of  such  glacial  streams.  These  must 
not  be  confounded  with  other  drift  ridges  that  accumulated 
about  the  borders  of  the  ice  field,  known  as  moraines,  of 
which  the  Coteau  des  Prairies  seems  to  be  a  stupendous  ex- 
ample. This  remarkable  topographical  phenomenon  was 
visited  at  the  point  where  the  Winona  and  St.  Peter  R.B. 
meets  it.  The  country  from  Lac  qui-Parle  to  that  place  is 
of  the  same  general  character  as  the  rest  of  Southwestern 
Minnesota,  but  is  perhaps  freer  from  sloughs  and  impassa- 
ble places  than  the  country  in  the  region  of  the  Silurian 
rock,  it  is  mostly  entirely  destitute  of  timber.  The  Lac- 
qui- Parle  and  its  tributaries  are  wooded  a  few  miles  from 
the  Minnesota,  but  very  sparsely.  The  timber  entirely 
disappears  before  reaching  the  state  line.  The  soil  shows 
in  dessicated  places  the  color  of  the  alkaline  deposit  com- 
mon on  the  western  plains,  becoming  more  and  more  abun* 
dant  toward  the  west.  There  is  not,  enough,  however,  in 
this  direction  within  the  state  of  Minnesota  to  interfere  se- 
riously with  agriculture  or  stock  raising.  The  productive- 
ness of  the  soil  seems  not  to  be  affected  by  it.  The  state 
line,  wliere  the  Winona  and  St.  Peter  R.R.  passes  it,  is  a 
short  distance  west  ot  the  foot  of  the  Coteau.  At  a  distance 
the  Coteau  looks  like  a  sudden  and  marked  elevation  in  the 
western  horizon,  rising  a  great  hight  above  the  prairie  level. 
But  on  reaching  it  the  ascent  is  found  to  be  gradual,  the 
surface  changing  from  level  to  rolling  or  hilly.  It  is,  how- 
ever, quite  abrupt  in  some  places.  Good  farms  can  be  laid 
out  in  nearly  ail  parts  of  the  Coteau,  many  of  them  far  pre- 
ferable to  farms  very  highly  valued  in  Ohio,  Pennsylvania 
or  Mew  York.  There  is  no  timber  except  along  the  tribu- 
taries of  the  Lac  qui  Parle,  or  other  small  streams.  No 
rock  can  be  seen  in  silu.  Although  the  railroad  affords 
very  frequent  cuts  in  getting  through  this  rolling  country, 
it  discloses  no  known  rock  as  far   westward  as  Lake  Cam- 
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peska.  This  point  was  particularly  examined  for  over  b\% 
miles  beyond  the  foot  of  the  Coteau,  with  the  hope  of  see- 
ingt  in  some  of  the  frequent  cuts,  some  indication  of  a 
rocky  substructure.  Nothing  can  be  seen  but  drift.  This 
drift  consists  of  glacial  clay.  The  surface  is  generally 
stony,  especially  on  the  tops  and  brows  of  knolls.  Boul- 
ders of  northern  origin  are  very  common.  Some  large 
fragments  of  Silurian  limestone  were  seen,  but  generally 
the  erratics  are  granitic.  Beyond  the  first  ascent  to  the 
knobs  of  the  Coteau,  there  is  a  stretch  of  less  rolling  coun-' 
try  reaching  westward  about  ten  miles,  when  another  still 
higher  range  of  hills  and  bluffs  appears.  The  divide,  east 
of  the  Sioux  river,  is  about  fifteen  miles  west  of  the  state 
line,  at  an  elevation  (by  the  Winona  and  St.  Peter  R.R.)  of 
1,448  feet  above  Winona.  The  ascent  from  the  prairie 
level,  a  few  miles  east  of  the  state  line,  to  the  top  of  the 
Coteau,  fifteen  miles  west  of  the  state  line,  is  about  650 
feet.  On  the  top  of  the  high  country  are  occasional  pleas*' 
ant  lakes.  At  De  Oraff,  just  beyond  the  state  line,  in 
Duell  county,  Capt.  H.  H.  Herrick  burns  lime  from  a  dark 
surface  deposit  of  tufa.  This  deposit  shows  impressions  of 
leaves  and  twigs,  and  others  that  appear  like  rushes.  It 
has  some  iron  stains,  and  a  trace  of  bituminous  matter.  It 
occurs  in  a  number  of  places  on  the  sides  of  the  knolls, 
overlying  the  drift  gravel  and  clay.  The  general  appear-' 
ance  of  the  surface  of  the  Coteau,  especially  near. its  base^ 
as  well  as  the  surface  of  the  Antelope  Hills,  aside  from  this 
surface  deposit  of  tufa,  where  no  water  is  now  running,  in- 
dicates the  former  prevalence  of  a  much  greater  amount  of 
water  running  over  it  than  now.  The  boulders  and  gravel 
that  lie  so  thick  on  the  top  and  upper  slopes  came  from  the 
drift,  the  clayey  parts  having  been  carried  a^ay  by  drain- 
age. They  are  all  water-worn — though  not  so  but  that  the 
boulders  sometimes  show  glacially  striated  surfaces.  That 
this  water  was  running,  and  not  standing,  is  evidenced  by 
the  tufa,  which  is  only  deposited  where  the  atmosphere  has 
access,  and  by  the  manner  of  its  occurrence,  which  is  only 
on  the  lower  slopes  of  the  knolls,  though  at  varying  eleva- 
tions, so  far  as  seen.  That  there  was  vegetation  near  is 
proved  by  the  leaves  and  other  impressions.  That  the  flow 
was  of  short  duration,  comparatively,  is  also  proved  by  the 
universality  and  uniform  character  of  the  drift  sheet,  and 
by  the  lack  of  rocky  outcrops.  That  the  water  which  de- 
posited the  tufa  was  heavily  charged  with  lime,  is  proved 
by  the  abundance  of  the  deposit  and  by  the  coarseness  of 
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the  inclosed  impressions.  That  it  was  the  same  that 
washed  the  light  drift  from  the  tops  and  brows  of  the 
knolls,  is  evident  from  their  associated  occurrence.  That 
this  water  was  from  the  retiring  glacier,  which  would  inev- 
itably have  given  off  water  ot  a  milky  color,  stained  with 
the  fine  debris  and  soluble  portions  ot  the  rocks  it  had  ground 
up  in  its  course,  is  probable. 

At  St.  Paul,  near  the  St.  Paul  and  Sioux  City  depot,  the 
lower  part  of  the  drift  is  exposed  in  the  excavated  river 
bluff,  and  is  chiefly  hardpan  clay  (or  glacier  drift.)  It  is 
conspicuously  colored  by  the  shale  of  the  Trenton.  The 
alternating  blue  shale  and  copper-colored  hardpan  drift  sho«r 
successive  accretions  with  such  regularity  as  to  attract  im- 
mediate attention.  The  bands  slope  at  an  angle  with  the 
horizon,  the  drift  holding  stones  and  occasionally  laige 
boulders,  and  the  shale  showing  fragments  of  the  bedded 
lamination  not  yet  obliterated,  as  well  as  the  usual  fragments 
of  Chaeietes.  At  a  higher  level  is  a  heavy  stratum  of  25 
feet,  overlying  the  foregoing,  consisting  of  gravel  and 
boulders,  with  many  pieces  of  limestone.  The  followiiu; 
diagram  illustrates  the  alternation  of  materials  in  the  drift 
at  this  place. 

Section  in  the  drijt  at  St.  Paul. 


«.  GraTel,  with  many  itonw,  S5  or  80  feet 

b.  Greea,  sbaly  clay, 

e.  Blae,  shaly  clay, 

d.  Greenish,  shaly  clay, 


d.    Red  cia7, 

f.  Btowi^  drift  clay,  stony, 

g.  Ashen  drift  clay. 


'ri,?^'  \  »<"»'«^ 


The  bluffs  of  the  Minnesota  require  a  special  mention,  as 
they  form  a  very  important  element,  not  only  in  the  topo- 
graphy of  the  southwestern  part  of  Minnesota,  but  also  in 
any  description  of  the  drift  of  that  portion  of  the  state  and 
of  the  northwest.  The  level  of  the  river  itself,  in  the  sums 
mer  season,  is  about  180  ieet  below  the  prairie  level.  The 
water  runs  in  a  very  winding  course  back  and  forth  between 
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fhe  bordering  bluffs,  the  direction  of  which,  not  regarding 
the  little  angles  caused  by  streams  that  enter  the  Minnesota^ 
is  Tery  regular.  They  have  some  long  bends,  but  in  ^ene^ 
ral  maintain  a  remarkable  constancy  of  direction  and  hight^ 
The  bluffs,  especially  on  the  north  side,are  often  treeless.  The 
bottom-land  itself  is  very  often  treeless.  On  the  south  side, 
on  the  contrary,  the  river  bottoms  and  the  tribuUiry  valleys, 
ts  well  as  the  slope  of  the  maiq  bluff,  are  usually  wooded. 
Hence  the  abruptness,  and  at  the  same  time,  the  regularity 
of  slope,  direction  and  outline,  are  mo.'^t  marked  on  the 
north  side.  These  bluff^i  appear,  superficially,  to  be  formed 
of  drift  alone  above  Maokato. 

Below  Maukato  the  Silurian  rocks  are  frequently  seene^t-' 
posed  in  them,  causing  long  terraces  at  various  altitudes* 
Throughout  the  whole  lengih  of  the  valley,  boulders  and 
stones  of  a  northern  origin  are  seen  on  the  brows  of  these 
bluffs,  and  on  their  abrupt  faces,  or  on  the  slopes  them^* 
eelves.  They  literally  cover,  sometimes,  the  Silurian  ter* 
noes  below  Mankato,  as  at  Shakopee,  Louisville,  Ottawa, 
St.  Peter,  Mankato  and  Judson.  There  is  a  good  illustra« 
tion  of  this  in  the  terrace  thnt  extends  along  the  east  side  of 
the  river  below  Maukato,  and  also  toward  South  Bend« 
Where  the  hard  rocks  ot  the  Silurian  lie  deeper,  the  boul- 
ders that  otherwise  would  be  visible  seem  to  have  sunk  inlo 
the  softer  alluvium.  They  are  always  met  with  in  pene- 
trating throua;h*  the  alluvium,  before  striking  the  rock* 
They  pertained  to  the  general  sheet  of  drift,  before  the  ex- 
cavation of  the  valley,  and  have  been  left  simply  lodged 
where  they  may  have  fallen,  sometimes  on  rock  terraces, 
as  the  river  has  slowly  carried  away  the  fine  clayey  portions 
of  the  drift.  Notwithstanding  the  drift  characters  are  the 
only  apparent  ones,  yet  there  is  a  canopy  of  Cretaceous  that 
lies  below  and  gives  leveiuess  to  the  country,  niding  the 
granite  and  the  Silurian  rocks.  This,  mixing  with  the  drift, 
has  greatly  augmented  its  volume  beyond  what  it  would 
have  l)een  had  harder  rocks  existed  in  western  and  south- 
western Minnesota.  Tlie  existence  of  this  canopy  of  Cre- 
taceous under  the  drift  is  demonstrated  by  the  occasioual 
exposure  of  such  beds  in  the  little  ravines  that  enter  the 
Minnesota*  Such  beds  are  intersected  by  the  bluffs  them- 
selves, and  cut  by  the  river  channel,  though  they  are  rarely 
seen  in  the  main  bluffs  of  the  river  itself.  They  are  hid  by 
the  downfalliug  of  the  drift.  They  are  so  frail  themselves 
that  they  cannot  endure  the  exposure  exhibited  by  the  Si- 
lurian limestones,  (see  page  184,)  and  hence  do  not  make 
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flo  manifest  terraces  in  the  main  blaff.  This  main  bluff, 
therefore,  above  Mankato,  generally  exhibits  a  regular  slope 
trom  the  prairie  to  the  bottom  land.  There  is  sometimes  a 
dim  outline  of  a  terrace,  or  shoulder,  in  this  slope,  caused 
by  the  unequal  demolition  of  the  Cretaceous,  but  (hrtmgh^ 
out  the  valley  there  are  no  alluvial  terraces  that  can  be  attrOh 
iited  to  successive  reductions  in  (he  volume  of  ike  river. 
Such  appearances  are  visible  at  New  Ulmr,  as  well  as  at  va- 
rious places  below  Mankato,  at  Lower  Sioux  Agency  and  at 
Beaver  Falls.  At  places  below  Mankato  the  semblance  to 
x^nstant  terraces  is  due  to  the  effect  of  the  Shakopee  Lime* 
fitone  on  the  banks,  combined  with  that  of  the  erosible  na- 
ture of  the  underlying  Jordan  Sandstone.  Such  occasional 
benches  occur  at  different  elevations  as  far  as  the  Silurian 
rocks  extend.  Above  that  they  are  due  to  the  Cretaceous. 
Such  occur  at  Fritz's  quarry,  a  few  miles  below  New  Ulm, 
and  at  Gruebers  a  little  further  up  the  river. .  At  the  for- 
mer place  a  sandstone  in  the  Cretaceous  offers  a  more  pei> 
sistent  obstruction  to  the  water,  at  the  latter  the  terrace  is 
caused  by  a  hard  clayey  layer  over  one  that  is  soft  and  are- 
naceous. At  New  Ulm  a  similar  combination  of  layers  may 
be  seen  near  Dauffenbach's  pottery,  and  in  some  of  the  hi^h* 
way  cuts  for  grading  the  streets  running  down  from  the  city 
(which  is  situated  on  this  terrace)  to  the  B.  B.  depot.  At 
and  below  Bedstone,  and  on  the  opposite  side  of  the  Minne- 
sota near  the  mouth  of  the  Waraju  river,  a  calcareous  mem- 
ber of  the  Cretaceous  causes  a  terrace  that  rises  about  40 
feet  above  the  river.  This  may  be  seen  at  Winkelmann's 
lime  kiln  and  quarry.  This  terrace  is  prolonged  for  several 
miles  below  Bedstone,  on  the  north  side  of  the  river.  Its 
level  for  some  distance  is  kept  up  by  the  red  quartzite  in 
outcrop  there,  but  it  is  doubtless  due  mainly  to  the  Creta- 
ceous. 

At  Lower  Agency  a  dim  outline  of  a  terrace  is  seen  near 
the  top  of  the  bluff  running  along  about  half  a  mile.  Its 
cause  is  not  discoverable,  but  may  be  reasonably  regarded 
some  member  of  the  Cretaceous,  which  can  be  seen  at  a 
l(»wer  level  in  the  highway  ascending  from  the  ferry  to  ihe 
top  ol  the  bluff.  It  is  most  observable  from  a  distance,  and 
especially  from  the  north  side  of  the  river. 

There  is  a  semblance  at  Beaver  Falls,  though  faint,  of 
two  terraces,  near  the  top  of  the  bluff,  visible  from  the  op- 
posite side  of  the  river,  the  upper  one  having  about  the  po- 
sition of  the  faint  terrace  seen  at  Lower  Sioux  Agency. 
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A  terraced  condition  of  the  bluffs  may  be  seen  at  a  little 
lake,  caused  by  the  enlarsrement  of  the  river  on  T.  i20,  R. 
44»  as  well  as  in  the  bluffs  of  Lac-qui*Parle.  Here  an  ob- 
servation was  made  that  plainly  indicates  the  origin  of  these 
benches.  They  exhibit  a  slope  or  dip  toward  the  S.E.,  run- 
ning successively  down  to  the  bottoms,  higher  ones  oc(*/Ur- 
riDg  in  their  places.  This  can  plainly  be  seen  from  the  op- 
posite bJuff.  This  slope  is  believed  to  be  due,  in  like  man- 
ner, to  the  dip  of  the  rocks  of  the  Cretaceous,  though  no 
oatorop  of  those  rocks  was  seen  at  that  place,  the  bluffa  of 
the  river  and  of  all  ravines  being  smoothly  turfed  over. 

The  general  bight  of  the  bluffs  that  enclose  Big  Stone  Lake 
18  about  150  feet.     They  are  treeless.     Their  crests  are  usu* 
ally  crowned  with  boulders.     The  only  wood  that  is  seen 
lies  in  the  **  gulches  "  or  short  ravines  that  enter  the  lake 
from  both  sides,  and  on  the  islands,  some  of  which  are 
densely  wooded  with  small  trees.     There  is  also  a  thinly 
continuous  row  of  small  trees  and  shrubs  growing  on  the 
immediate  shore,  just  above  the  boulder-row.     The  bottom- 
land is  usually  not  marshy  but  arable,  constituting  really 
the  most  desiraole  farms.     It  is  first  taken  by  settlers.     It 
is  wide  enough  for  one  or  two  good  fields.     The  settler  also 
has  his  garden  and  cabin  on  the  low  land  invariably,  and  ge/i- 
erally  at  the  opening  of  some  one  of  the  little  ravines,  which 
afford   water  without  digging*,  and   protection  from  the 
winter  winds,  as  well  as  convenient  fuel.     Along  this  lake, 
also,  are  terraces  that  have  a  slope  or  dip  striking  across 
the  bluffs.     One  may  be  seen  at  Mr.  Hurley's,  eight  miles 
above  the  foot  of  the  lake,  where  it  can  be  traced  three  or 
four  miles,  passing,  in  that  distance,  down  from  union  with 
the  prairie  level  to  the  bottoms,  or  so  far  down  as  to  be 
blended  in  the  bottom  land.     A  similar  vanishing  terrace 
can  be  seen  on  the  Dakota  side,  from  the  bluff  on  the  north 
side,  about  twelve  miles  above  the  foot  of  the  lake,  and 
midway  between  Hurle/'s  and  Mireau's.     Within  the  space 
of  about  three  miles,  its  form  can  be  seen  to  pass  obliquely 
across  the  face  of  the  main  bluff,  from  top  to  bottom,  sloping 
to  the  east  or  southeast,  and  disappearing  in  the  bottom- 
land.    A  similar  terraced  appearance  has  been  described  as 
occnrring  at  Brown's  valley,  at  the  head  of  Big  Stone  Like, 
in  connection  with  an  exposure  of  the  Cretaceous  (seep.  190.) 
The  interval  between  Big  Stone  Lake  aud  LaB:e  Travers  (6 
miles)  has  a  fall  toward  Big  Stone  Lake  of  six  feet.     The 
bluffs  approach  each  other  toward  the  end  of  the  lower 

^The  water  of  the  lake  is  elear  and  apparently  deep. 
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lake,  but  do  not  unite.  A  continilious  valley,  between  blaffs 
of  the  same  form  aod  appearance,  and  of  nearly  the  same 
depth,  connects  the  two  lakes,  giving  the  impression  of  9ne 
vaJ ley  instead  of  two.  The  short  interval  constituting  the 
divide  between  the  two  lakes  is  usually  without  water,  but 
is  often  overflowed  by  the  spring  freshets,  when  a  continu- 
ous overland  watercourse  is  established  between  the  Gulf  of 
Mexico  and  Hudson's  Bay,  in  British  America.  It  was  oo 
one  of  these  occasions  that  the  attempt  was  made  by  the  late 
Hon.  Joseph  B.  Brown»  to  float  a  steamboat  from  the  Mis- 
sissippi to  the  Bed  Biver  of  the  North.  Its  remains  still  lie 
a  few  miles  below  the  foot  of  Big  Stone  Lake,  where  it  was 
wrecked  by  the  unexpected  subsidence  of  the  water.  There 
is  a  very  perceptible  ascent  in  the  smooth  surface  of  jthe 
prairie,  toward  the  north,  from  the  bluffs  of  Big  Stone  Lake. 

Several  points  have  been  mentioned  at  which  local  ter- 
races have  been  seen  along  the  valley  of  the  Minnesota 
river.  They  are  occasioned,  as  has  already  been  said,  by 
the  varying  resistance  of  the  underlying  rock,  when  under- 
going erosion  by  the  river.  This  is  evident  from  the  fol- 
lowing facts : 

1st.  They  have  a  varying  elevation,  corresponding  with 
the  dip  of  the  formation  which  causes  them.  They  occur 
near  the  level  of  the  flood-plain,  blending  sometimes  with 
it,  and  also  at  all  bights,  to  near  the  top  of  the  bluffs. 

2nd.  The  rock  itself  can  be  seen  at  many  of  the  places 
where  such  terraces  have  been  observed ;  and  where  it  has 
not  been  seen,  the  face  of  the  bluff  has  been  unfavorable  for 
exposure,  the  surface  being  smoothly  turfed  over. 

3rd.  There  are  hundreds  of  miles  along  the  river,  on 
both  sides,  where  no  such  terraces  can  be 'seen,  the  bare 
bluffs  being  smoothly  rounded  off,  and  descending  at  one 
change  from  the  pi  airie  level  to  the  flood  plain.  Indeed,  the 
existence  of  terraces  is  quite  an  exceptional  thing. 

4th.  In  many  cases,  the  terraces  can  be  referred  directly 
to  their  cause,  layers  of  varying  resistance  in  the  Cretaceous. 

5th.  Where  there  is  no  rock  in  the  river  banks,  as 
shown  by  iresh  slides,  there  is  no  appearance  of  terraces. 

A  short  distance  below  Minnesota  Falls  the  bluff  rises,  on 
the  north  side,  159  feet  1  and  }  inches  above  the  flood -plain, 
measured  by  Locke's  level. 

There  is  an  old  valley  of  the  Minnesota  river,  extending 
from  Lac  qui-Parle  lake  eastwardly,  and  joining  the  Chip- 
pewa valley  about  five  miles  above  its  mouth.  This  old 
valley  has  bluffs  like  the  present  river  valley,  but  it  is  net 
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quite  as  deep.  It  is  nearly  dry,  a  little  ^ater  standing 
ODly  in  one  or  two  spots,  near  the  west  end,  and  slowly 
passing  into  the  Minnesota,  the  bottom  being  a  level  and 
handsome  meadow.  The  appearance  of  this  valley  is  rather 
Qovel  and  striking.  The  slopes  are  perfectly  treeless,  and 
very  smooth,  luxuriantly  covered  with  grass  and  ornamented 
with  flowers  of  various  colors.  There  sre  short  ravines  or 
«  gulches,"  that  descend  from  the  prairie,  but  they  do  not 
show  a  tree,  nor  a  shrub.  They  are  smoothly  grassed 
over,  and  near  their  mouths  can  be  crossed  with  a  team. 
The  bluffs  themselves,  though  often  overstrewn  with  stones 
and  coarse  gravel,  are  yet  composed  of  hard  drift  clay,  and 
fire  rarely  too  abrupt  to  be  ascended  by  a  horse.  Toward 
the  west  end  of  this  old  valley  the  slope  from  the  prairie 
shows  a  terrace  about  thirty  feet  from  the  top,  but  nothing 
can  be  seen  on  it,  or  even  in  the  excavation  cut  for  the  road, 
but  drift  materials,  though  boulders  are  rather  more  nume- 
rous at  that  point  in  the  cut  than  above  or  below.  Below 
the  level  of  this  bench,  twenty  feet,  is  a  row  of  springs 
which  keep  the  rest  oi  the  slope  wet  and  soft.  The  whole 
appearance,  taken  together,  indicates  a  stratified  condition 
of  the  bluff,  probably  in  Cretaceous  rock. 

THE   SCONOMIOAI4  OEOLOGY   OF   THE  MINNESOTA   VALLEY. 

Goal. 

The  separation  of  the  region  of  the  Minnesota  valley  from 
all  the  important  coal  fields,  and  its  comparatively  sparse 
Bupply  of  wood  for  fuel,  have  directed  the  attention  of  the 
settlers  to  the  possible  supply  of  fuel  from  the  lignites  of 
the  Cretaceous.  Mention  has  already  beSn  made  of  the 
localities  of  outcrop  of  this  coal,  (pp.  221-224,)  with  some 
description  of  the  modes  ot  its  occurrence.  The  subject  has 
also  been  summarized  in  the  letter  to  the  President  intro- 
ductory to  this  report.  There  are  coal  deposits  of  the  Cre- 
taceops  age  that  are  likely  to  prove  valuable.  They  occur 
at  various  places,  scattered  over  the  western  territories. 
Such  coal  is  also  sometimes  in  the  condition  of  good  anthra- 
cite. A  valuable  bed  of  coal  is  reported  to  exist  a  few 
miles  west  of  Bismarck,  on  the  Missouri  river.  There  can 
be  but  little  doubt  that  such  or  similar  coal  accompanies  the 
lower  Cretaceous  rocks  throughout  their  extent  in  Minnesota. 
From  the  wide  extent  of  territory  in  which  **  float  coal"  is 
found  in  the  drift,  it  seems  very  probable  that  the  Cretaceous 
26 
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ocean  at  first  covered  the  most  of  the  State.     So  far  as  difl« 
covered  y  however ,  there  is  not  enough  coal  embraced  in  the 
Cretaceous,  in  this  State,  to  warrant  sanguine  expectations 
of  its  becoming  economically  useful.    This  coal  occurs  in 
in  two  distinct  forms,  which  may  be  distinguished,  until 
further  investigations  demonstrate  some  error  in  the  desig- 
nations here  given,  as  charcoal  and  canneZ  coal.    The  former, 
while  it  is  the  more  abundant,  is  of  less  value  for  use  as 
fuel.     It  is  light,  and  quickly  ignites,  but  it  is  generally  in 
fine  pieces  that  appear  to  be  matted  down  with  the  ash  that 
resulted  from  the  combustion  of  other  portions  of  the  wood 
ifrom  which  the  coal  is  derived.    It  lies  in  irregular  sheets 
igenerally,  not  more  than  half  an  thick  when  pure,  but  may 
Abe  desseminated  through  a  thickness  of  six  or  eight  teet.    It 
vis  very  fragile,  hardly  bearing  transportation.    The  latter  is 
^lack,  or  brown-black,  lustrous,  compact,  rather  hard,  and 
presents  every  aspect  of  a  valuable  coal.    It  occurs  in  iso- 
lated lumps  or  pockets,  in  the  same  beds  as  the  charcoal, 
but  less  abundantly.     It  readily  burns,  making  a  hot  fire. 
In  the  air,  when  it  has  become  dry,  it  cracks  and  crumbles 
something  like  quick  lime,  but  not  to  a  powder.     It  is  this 
which  is  found  in  the  drift.     If  it  could  be  found  in  suflicient 
.quantity,  this  would  be  a  valuable  fuel. 

The  Iowa  coal  field,  of  Carboniferous  age,  does  not  reach 
•jas  far  northwest  as  the  valley  of  the  Minnesota. 

Iron. 

The  only  iron  ore  that  is  known  to  occur  in  southwestern 
Minnesota,  is  in  the  form  of  an  imperfectly  hydrated  per- 
oxyd,  or  brown  haematite.  It  is,  so  far  as  seen,  so  impure 
as  to  constitute  a  clay  iron-stone.  It  was  first  mentioned 
as  occurring  on  the  Le  Sueur,  a  mile  and  a  half  above  its 
mouth,  by  Dr.  B.  F.  Shumard,  (Owens*  Report,  p.  487), 
who  describes  it  as  *•  nodules  of  oxide  of  iron,  and  argilla- 
ceous iron  ore,"  and  gives  it  a  thickness  of  two  feet,  re- 
marking that :  •'  The  superficial  indications  render  it  prob- 
able that  this  bed  of  iron  ore  may  be  both  extensive  and 
readily  accessible."  Similar  indications  of  iron  ore  were 
seen  the  past  season  at  a  number  of  places  on  the  Le  Sueur 
and  on  the  Watonwan.  So  far  as  observed,  however,  the 
iron  seems  to  be  largely,  if  not  entirely,  superficial,  and 
pertains  to  the  horizon  of  separation  between  the  drift  and 
tiie  bedded  rock.  It  is  a  circumstence  of  frequent  occur- 
rence,  in  all  parts  of  the    northwest,  to  see   ferriferous 
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springs  issuing  from  the  grayel  of  the  drift.  When  such 
water  comes  in  contact  with  the  air  it  invariably  gives  an 
Irony  stain  to  substances  over  which  it  runs.  If  the  pro- 
cess be  continued  a  brown  haematite  iron  ore  will  be  formed. 
It  will  partake  of  the  impurities  of  the  surface  on  which  it 
forms.  There  is  besides  a  considerable  thickness  of  argil- 
laceous iron-stone  that  coats  the  Silurian  limestones,  when 
they  are  found  overlain  by  the  clays  of  the  Cretaceous,  (see 
pages  183  and  179.) 

Mineral  Paint. 

At  Redwood  Falls  the  kaolin  which  has  resulted  from  the 
decomposition  of  the  granitic  rock,  has  become  stained  with 
iron,  and  has  a  brownish  or  greenish^brown  color.  It  con- 
tains, generally,  some  silica.  From  this  stained  kaolin  a 
good  mineral  paint  has  been  manufactured.  Messrs.  Grant 
and  Brusseau  commenced  the  enterprise,  and  carried  it  far 
enough  to  demonstrate  the  quality  of  the  product.  The 
manufactured  article  is  said  to  have  been  equal  to  that  of 
Brandon,  Yt.,  but  the  cost  was  so  great  that,  after  trans- 
portation to  St.  Paul,  it  could  not  be  offered  in  the  market 
Bo  cheaply  as  the  Brandon  paint.  Their  process  was  very 
simple.  The  raw  material  was  obtained  from  the  banks  of 
the  Redwood  river  (p.  168),  and  was  ot  a  rusty-brown 
color,  having  also  a  greenish  tinge.  It  was  broken,  or 
crashed  to  the  fineness  of  corn  or  wheat.  It  was  then 
dried  in  a  large  pan  placed  over  a  fire,  and  ground  by  wa- 
ter-power, between  two  burr-stones.  In  that  condition  it 
was  ready  for  use  by  simply  mixing  with  boiled  or  raw  lin- 
seed oil*  It'  was  found  that  lead  or  ochre  could  not  be  used 
to  advantage  with  it.  The  lead  is  said  to  have  **  come  out 
and  looked  like  a  mildew.''  The  color  produced  was  a  red- 
dish umber.  By  making  some  selections  various  lighter 
shades,  of  the  same  general  character,  were  produced.  It 
had  a  heavy  sediment,  consisting  probably  of  iron  and 
silica.  The  quality  of  the  paint  is  said  to  have  been  supe-' 
nor  to  that  from  Ohio,  and  fully  equal  to  that  from  Bran* 
don,  Yt.,  or  Horicon,  Wis.  The  surface  of  the  wood 
painted,  becomes  hardened  and  glazed,  but  remains  smooth.* 
It  is  evident  that  the  best  methods  for  economy  were  not 
emplcjred  in  this  enterprise.  The  mine  is  situated  about  a 
mile  from  the  mill.    The  rock  is  easy  of  access.    It  cost  a 

^  Th«  mfflB  of  Worden,  Rater  A  Co.,  at  Bedwood  Falls,  and.of  Aastin  A  Worden,  at 
XlimeaoU  Falls,  are  painted  with  it. 
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sum  between  three  and  four  dollars  per  ton  to  deliver  the 
raw  material  at  the  mill.  It  could  probably  be  done  for  lesa 
than  a  dollar.  The  total  cost  of  manufacture  ought  not  to 
exceed  a  dollar  per  hundred,  or  twenty  dollars  per  ton. 
The  Brandon  paint  sells  for  about  $40  per  ton.  These  state- 
ments are  on  the  authority  of  Mr.  Park  Worden,  of  Minne- 
sota Falls. 

Although  the  foregoing  is  the  only  systematic  attempt 
that  has  been  made  to  manufacture  paint  from  this  substance 
in  the  Minnesota  Valley,  it  occurs  in  great  abundance  at  a 
number  of  places.  It  is  also  found  in  greater  purity,  at 
least  with  much  less  quartz  and  iron,  at  several  other  places. 
Indeed  it  seems  to  exist  wherever  the  granitic  rocks  were 
buried  beneath  the  ocean  of  the  Cretaceous  age,  and  where 
the  glacier  period  has  not  disrupted  it. 

Quick-lime. 

For  common  quick-lime  the  region  of  the  upper  Minne- 
sota has  no  suitable  stone.  Here  is  a  great  extent  of  fertile 
country,  destined  to  be  thickly  inhabited*  that  must  always 
depend  on  the  Silurian  limestones,  situated  further  south- 
east, for  one  of  its  necessary  articles  of  construction.  At 
the  present  time  the  only  resort  is  to  the  limestone  bould- 
ers that  occur  in  the  drift.  These  are  being  rapidly  gath- 
ered up  and  converted  into  quick-lime,  and  will  soon  entire- 
ly disappear.  The  nearest  Silurian  quarries  capable  of 
being  useful  for  quicklime  are  at  Mankato.  The  limestone 
found  in  the  Cretaceous  at  New  Ulm  is  also  very  valuable 
to  this  region,  but  the  shaly.  nature  of  the  stone  there  will 
always  make  it  difficult  to  compete  with  the  lime  from  Man- 
kato. At  the  same  time  the  quality  of  the  lime  made  there 
renders  it  applicable  to  uses  of  which  the  Mankato  quick- 
lime is  not  susceptible.  The  Mankato  lime  is  of  a  dark 
leather  color,  slacking  to  a  cream  color.  It  has  a  consider- 
able sand  that  appears  as  a  sediment.  The  stone  itself  is  an 
arenaceous  magnesian  limestone,  and  the  lime  partakes  of 
the  nature  of  those  limes.  It  sets  more  slowly,  burns  more 
easily,  and  slacks  with  less  heat  than  the  pure  limestones. 
It  is  useful  for  brick  and  stone  work,  but  will  not  answer 
for  hard  finish.  For  common  brown  plastering  it  is  very 
useful.  The  lime  made  at  New  Ulm,  on  the  other  hand,  is 
nearly  white,  and  in  that  respect  has  the  advantage  of  the 
Mankato  quick-lime.  It  is  very  hot,  and  sets  quickly.  It 
is  more  nearly  a  pure  lime,  without  magnesia.     While  it 
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lias  no  sand,  as  an  impurity,  it  has  alumina.  Associated 
with  it  in  the  shales  of  the  Cretaceous,  is  more  or  less  of 
salpliate  of  Ume  in  the  form  of  transparent  crystals,  or  sele- 
nite.  When  there  is  much  of  this  it  would  materially  affect 
the  quality  of  the  lime,  giving  it  somewhat  the  character  of 
plaster  of  Paris.  Below  Mankato  there  is  no  lack  of  good 
stone  for  quick-lime.  The  Shakopee  limestone  is  calcined 
at  a  number  of  places,  and  outcrops  in  the  banks  of  the  river 
at  a  great  many  others. 

At  Shakopee  the  kilns  are  owned  by  Baptiste  Contre  and 
Isaac  Lincoln.  They  are  constant,  or  **  draw  kilns.''  Mr. 
Contre  burns  from  17  to  18  hundred  barrels  per  month,  and 
seven  months  per  year.  His  markets  are  St.  Paul,  Minne- 
apolis and  St.  Cloud,  in  bulk,  two  hundred  pounds  making 
a  barrel.  Lime  is  produced  in  30  hours.  Wood  costs  two 
or  two  and  a  half  dollars  per  cord,  mixed.  He  <<  draws '' 
every  six  hours. 

Afr.  Lincoln's  kiln  is  considerably  larger  than  Centre's, 
and  requires  from  two  to  four  days  to  produce  lime,  which 
sell  at  the  kiln  at  75  cents  per  barrel,  twenty-two  or  twenty- 
four  hundred  barrels  being  produced  per  monUi,  during 
seven  or  eight  months  of  the  year.  The  lime  made  at  Sha- 
kopee is  of  a  leather  colof,  sometimes  approaching  burnt 
umber. 

At  Louisville,  five  miles  above  Shakopee,  Mr.  Contre 
owns  another  kiln  similar  to  that  at  Shakopee.  Mr.  Folsom, 
of  Minneapolis,  also  has  a  kiln  here  which  is  in  operation 
some  portions  of  the  year.  The  lime  produced  here  is  of 
the  same  character  as  that  at  Shakopee.  It  is  shipped  to 
St.  Paul,  Minneapolis,  and  occasionally  to  Duluth  and  St. 
Cloud.  Four  or  five  cords  of  mixed  wood,  at  two  and  a 
half  dollars  per  cord  are  required  for  each  hundred  barrels. 

John  P.  Binshed  bums  lime  from  the  Shakopee  stone,  at 
Ottawa. 

About  a  mile  above  Kasota  Conrad  Smith  burns  lime  from 
the  Shakopee  limestone,  which  he  sell  at  one  dollar  per  bar- 
rel.    Eight  or  nine  cords  of  mixed  wood,  at  $2.75  per  cord, 
are  consumed  in  producing  100  barrels  of  lime.     He  has  a 
draw  kiln,  but  not  enough  demand  to  keep  it  in  constant 
blast.    The  lime  is  dark,  and  in  nearly  all  respects  like  the 
Shakopee  lime.     It  shows  a  bluish  tint,  and,  Mr.  Smith  says, 
slacks  to  a  blue-whiidt  instead  of  a  yelloto- whiter  and  is  pre- 
terred  for  that  reason. 
Five  miles  below  Mankato  George  C.  Clapp  burns  a  lime 

ttiat  is  bluish,  or  ashen-colored.     He  takes  the  stone  from 
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the  upper  portion  of  the  Shakopee  limestone,  and  producer 
a  purer  lime  than  any  seen  in  the  valley ,  except  that  derived 
from  the  Cretaceous  at  New  Ulm  which  probably  comprises 
over  80  per  cent,  of  pure  carbonate  of  lime.  Mixed  wood 
costs  here  $2.25  per  cord,  and  five  or  six  cords  are  required 
for  a  hundred  bushels.     TSee  page  144.) 

At  Mankato,  besides  the  kilns  of  Maxfield  &  Sons^  Capt. 
J.  B.  Beatty  has  recently  erected  a  fine  drawkiln. 

At  New  Ulm  are  the  limekilns  of  Wm.  Winkelmann,  Fran- 
cis Baasen  and  John  Heiman,  all  burning  lime  from  the  Cre- 
taceous. Winkelmann  bums  about  1800  barrels  per  year^ 
selling  at  the  kiln,  and  at  New  Ulm,  for  $1.50  per  barrel. 
It  here  requires  90  cords  of  mixed  wood,  at  $3.00  per  cord, 
to  produce  120  barrels  of  lime.  When  freshly  burned  this 
lime  has  very  much  the  same  color  as  the  stone,  though  a 
little  lighter,  and  slacks  white.  His  kiln  stands  on  the  bank 
of  the  Minnesota,  facing  the  water,  and  is  built  of  red  quartz- 
ite  and  boulders.  Mr.  Heiman's  kiln  holds  150  barrels. 
Forty  cords  are  needed  to  burn  the  kiln  well,  when  filled. 
Wood  costs  $2.50  or  $3.00  per  cord.  Lime  sells  at  a  dollar 
or  a  dollar  and  fifteen  cents  per  barrel. 

Above  New  Ulm  boulders  only  are  used  for  lime,  the 
kilns  being  of  rude  construction.  Such  are  owned  by  John 
Edget  and  Charles  Folsom,  a  short  distance  below  Beaver 
Falls,  and  by  Andrew  Brandin,  M.  C.  Brace,  Wm.  Davis 

and  brother,  Brennan,  and  B.  B.   Cory,  above  that 

place.  Large  limestone  boulders  occur  about  Redwood 
Falls.  At  Yellow  Medicine  the  only  lime  made  is  derived 
from  large  boulders.  Peter  Casting  burns  a  little  lime 
from  such  boulders  at  Jannetteville,  nearly  opposite  the 
mouth  of  the  Yellow  Medicine.  At  Grranite  Falls  such 
boulders,  occurring  in  a  little  ravine  on  the  land  of  R.  H. 
Baldwin,  have  been  taken  for  rock  in  situ.  At  Mr.  Hur- 
ley's, eight  miles  above  the  toot  of  Big  Stone  Lake,  excel- 
lent quicklime  is  burned  from  surface  boulders,  some  of 
which  IS  marketed  at  Morris,  in  Stevens  county. 

Otfpsum. 

The  Cretaceous,  at  Big  Stone  Lake,  holds  large  crystals 
of  selenite.  They  lie  on  the  surface  of  the  weathered  slope 
made  by  the  outcropping  of  a  dark  shale,  and  can  be  gath- 
ered in  considerable  quantity.  They  pre,  of  course,  em- 
braced within  the  shale.  From  the  existence  ot  sulphate  of 
lime  in  quantities  that  render  it  of  economical  importance 
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in  this  formation  in  various  parts  of  the  country,  it  is  pre- 
sumable that  this  horizon  of  outcrop  is  nearly ,  or  exactly 
the  same ;  and  that  at  some  future  time,  when  sufficiently 
detailed  exploration  has  been  made,  it  may  here  prove 
equally  valuable.  This  place  has  been  already  described 
under  the  head  of  the  Cretacegus. 

Hre  Clay. 

From  the  Cretaceous,  near  New  Ulm,  Mr.  Christian  Dauf- 
fenbach  manufactures  a  good  fire- brick.  The  bank  from 
which  he  takes  the  clay  is  fifteen  feet  above  the  river.  It  is 
of  light  color,  and  when  wet  is  plastic,  but  if  dry  it  is  hard 
and  difficult  to  quarry,  the  use  of  powder  becoming  neces- 
Baiy.  Horse  power  is  used  for  his  machinery.  He  has 
three  kilns.  This  fire-brick  clay  lies  below  a  heavy  stratum 
of  white  sand.  If  the  white  sand  that  occurs  on  the  Maple, 
a  few  miles  above  its  union  with  the  Blue  Earth,  be  the 
Bame  horizon,  thb  fire-clay  ought  also  to  be  found  in  the 
banks  of  the  Blue  Earth,  a  short  distance  above  its  mouth. 
In  the  settlement  and  material  development  of  that  part  of 
the  state,  this  stratum  in  the  Cretaceous  is  destined  to  play 
an  important  pait.     (See  page  185.) 

Potter's  Clay. 

The  Cretaceous  also  supplies,  near  the  same  place,  but 
from  a  higher  stratum,  a  good  potter's  clay,  which  is  largely 
employed  at  New  Ulm  and  at  Mankato.  It  is  owned  by 
Silas  Barnard.  Mr.  H.  B.  Eaufer,  potter  at  Mankato, 
regards  it  as  equal  to  the  Carboniferous  potter's  clay  of  Ohio* 
The  manufacturers  at  New  Ulm  are  Winkelmann  and  Dau& 
fenbach,  and  John  Stoerkec.  The  pottery  sells  tor  twelve 
and  fifteen  cents  per  gallon.     (See  p.  186.) 

Kaolin  or  China  Clay. 

It  has  been  said  already,  in  connection  with  the  descrip- 
tion of  the  granites  of  the  valley,  that  the  upper  surface  of 
the  granites,  where  protected  by  the  Cretaceous,  is  overlain 
by  a  heavy  bed  of  kaolin  clay,  resulting  from  the  decompo- 
sition of  the  granite  itself.  There  can  be  no  question  but  that 
this  deposit,  or  rather  kaolinized  granite,  since  it  is  decom- 
posed and  lies  in  situ^  will  become  of  great  economical 
importance.     Kaolin  is  not  a  common  mineral  in  the  drift 
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latitudes.  It  is  commoD  in  New  Mexico^  where  the  granite 
IS  likewise  found  to  be  decomposed  to  the  depth  of  50  or 
more  feet.  It  is  also  found  in  the  Blue  Ridge  in  YirgiQia, 
the  mountain  rock  there  being  changed  to  impure  kaolin  to 
a  considerable  depth.*  Although  the  purity  of  the  kaolin 
of  the  Minnesota  valley  has  •not  been  established  by  tests, 
either  practical  or  chemical,  it  is  highly  probable  that  some 
portions  oi  it,  at  least,  will  be  found  to  answer  all  the  pur- 
poses for  which  such  clay  is  generally  used. 

Building  iStone. 

For  construction,  the  Shakopee  limestone  holds  at  present 
a  high  position  in  the  regard  of  builders.  Its  best  estate  is 
not  seen  at  Shakopee  but  at  Ottawa,  Kasota  and  St.  Peter. 
The  Mankato  quarries  are  equally  as  fine.  The  quarries  at 
Kasota  show  a  deeper  shade  of  pink  than  those  at  any  of 
the  other  foregoing  places.  The  best  stone  yet  furnished 
by  this  formation,  was  that  put  into  the  recent  enlargement 
of  the  Asylum  at  St.  Peter.  It  was  taken  out  near  the 
Asylum,  and  lies  in  very  heavy  and  regular  layers.  The 
quarries  at  Kasota  and  at  Ottawa  have  not  yet  pene- 
trated so  deeply  into  the  rock,  but  will  prove  to  be  thicker 
bedded  as  they  are  further  wrought.  The  Episcopal  church 
at  St.  Peter,  made  of  this  stone,  has  dark-brown  cornice, 
window  frames  and  blinds,  and  the  wall  is  painted  dark- 
brown,  making,  although  perhaps  too  somber,  yet  a  very 
tasty  and  appropriate  edifice  for  worship.  It  is  low,  and 
of  Gothic  build. 

South  from  Mankato,  on  the  Blue  Earth,  the  Maple  and 
the  Watonwan,  are  several  very  favorable  openings,  but 
there  has  not  been  much  working  in  this  stone,  nor  in 
any  other,  in  that  part  of  Blue  Earth  county,  the  depen- 
dence being  entirely  on  the  quarries  at  Mankato.  There 
is  .no  reason,  however,  why  the  counties  of  Martin  and 
Faribault  may  not  derive  all  their  stone  for  walls  and  for 
all  building,  from  these  southern  quarries,  saving  them- 
selves the  labor  of  transportation  six  or  ten  miles.  Stone 
from  these  quarries  was  used  in  the  culverts  and  bridge 
piers  along  the  new  railroad  from  Mankato  to  Wells.  At 
Garden  City,  the  exposure  in  the  bed  of  the  river  is  owned 
by  J.  Willard.  This  outcrop  has  more  the  aspect  of  the 
Shakopee  limestone,   at  Shakopee,   than  any  other    seen, 

♦  Compare  Am,  Jmr.  8ci.  and  ArU^  III,  Vol.  VII,  p.  74. 
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and  will  not  be  found  to  furnish  as  handsome  layers  as  the 
quarries  at  Mankato. 

At  Jordan,  the  sandstone  lying  next  below  the  foregoing 
limestone  is  somewhat  employed  for  foundations,  and  has 
been  put  into  some  large  buildings.  It  cuts  well,  and  is 
in  blocks  about  eight  inches  thick.  It  is  rather  too  fria- 
ble, howeyer,  for  general  use. 

The  St.  Lawrence  limestone  is  a  very  fine  stone  for  building. 
It  Lb  tough,  compact,  and  oi  a  good  color.  Its  bedding  is 
symmetrical  and  of  convenient  thickness.  The  only  quarries 
faiown  are  those  at  St.  Lawrence  and  at  Hebron  and  Jud- 
8on.  The  Presbyterian  church  at  Belle  Plaine  is  built  of 
the  St.  Lawrence  stone,  the  trinmiings  being  from  Ottawa. 
In  the  Potsdam  at  Bedstone,  quarries  are  opened  by  Francis 
Baasen,  Wm.  Winkelmann  and  Frederick  Meyerding. 

Of  the  granites  and  associated  rocks  there  is  a  great  , 
yariety.  There  is  also  every  desired  facility  for  quarry- 
ing them.  The  *^gray"  and  **red''  granites  afford  every 
kind  of  shading  of  color,  and  a  great  many  beautiful  com- 
binations  of  mineral  contents  and  crystallization.  The  time 
cannot  be  far  distant  when  a  great  many  valuable  open- 
ings will  be  made  in  the  granites  of  the  Minnesota  valley, 
for  the  convenience  of  the  southern  part  of  the  State  and 
of  Iowa. 

Brick. 

Goomion  red  brick,  sometimes  also  brick  of  a  lighter 
shade,  are  manufactured  from  the  alluvium  of  the  river,  at 
New  Ulm  and  Mankato,  as  well  as  at  other  points  further 
down  the  valley.  The  Mankato  brick  have  a  high  reputa- 
tion, and  are  extensively  shipped  to  St.  Paul.  The  makers 
are  Meihofer  and  Whitrock,  Beed  and  Mather,  Jager  broth- 
ers, and  Mr.  Schlafle.  At  New  Ulm,  Wm.  Winkelmann 
owns  the  only  brick  yard.  At  Jordan,  Charles  Bodel  makes 
alight-colored  brick. 

Copper. 

AtShakopee  a  stock  company  exists  for  sinking  a  shaft 
to  explore  for  copper.  It  is  said  that  in  sinking  a  common 
well  pieces  of  native  copper  were  found.  Tne  shaft  is  to 
be  as  deep  as  that  well  which,  when  vigorously  pumped,  is 
said  to  afford  particles  of  copper  with  the  water.  The  lime- 
stone was  struck  at  18  feet.  The  work  has  not  progressed 
27 
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far  enough  to  indicate  the  probable  result.  The  limestone 
at  Shakopee  being  of  the  same  age  as  Calciferous  sandrock 
of  the  east,  recalls  the  £Bict  that  they  both  belong  to  the 
Quebec  Group  of  Canada,  which  is  regarded  there  as  hold- 
ing  the  upper  copper-bearing  rocks  of  Lake  Superior. 

Timber  andjuel. 

<<  The  Big  Woods  "  of  Minnesota,  consist  of  a  southward 
prolongation  of  the  timber  belt  about  forty-five  miles  wide, 
in  the  central  part  of  the  State.  The  boundary  of  this  pro- 
longation on  either  side,  is  not  well  marked,  the  trees  grad- 
ually becoming  thinner  and  smaller,  and  more  and  more 
restricted  to  the  valleys  of  streams,  till  the  country  is 
changed  to  a  treeless  prairie.  The  surface  itself  is  more 
rolling  than  on  the  east  or  west.  It  may  be  thus  described 
in  general :  Beginning  a  few  miles  west  of  Minneapolis  the 
eastern  edge  of  the  big  woods  crosses  the  Minnesota  in  a 
line  toward  Lakeville,  in  Dakota  county.  Continuing  in  a 
southerly  direction,  it  passes  about  a  mile  east  of  Cannon 
City,  and  of  Owatonna,  when  it  makes  a  short  bend  to  the 
west  and  northwest,  passing  about  six  miles  north  of  Was- 
eca, and  near  E.  Janesville,  in  Waseca  county.  In  Blue 
Earth  county  it  is  variously  modified  by  the  valleys  that  are 
'  tributary  to  the  Minnesota  from  the  south.  Continuing 
west,  about  six  miles  south  of  South  Bend,  it  turns  north, 
and  crosses  the  Minnesota.  Running  along  the  west  side  of 
the  Minnesota,  distant  from  it  about  four  miles,  it  begins  to 
bear  off  to  the  northwest  at  St.  Peter,  and  runs  in  nearly  a 
direct  line  to  Darwin,  on  the  St.  Paul  and  Pacific  B.  B., 
bending  a  little  to  the  east,  toward  Glencoe,  in  McLeod 
county.  In  passing  through  these  woods  from  Farmington, 
in  Dakota  county,  to  Shakopee  in  Scott  county,  the  fol- 
lowing species  of  trees  and  shrubs  were  seen.  For  ten  or 
twelve  miles  after  entering  the  woods  very  few  trees  are 
seen,  the  oak  shrubs  being  the  largest  and  almost  the  only 
tree-like  vegetation.  About  half  way  to  the  Minnesota  riv- 
er the  maple  and  large  elms,  bass  and  iron  wood  appear. 

Oak  Shrubs.    Apparently  Qaercas  illcifolia.     Wang. 

Hazelnut.    Corylus  rostrata.    AiU  ( ?) 

Bar-Oak.    Qaercns  macrocarpa.    Michx. 

White  Oak.    QaercuB  alba.    L, 

Wild  Red  Cherry.    Pranns  Pennsylvanica.    X. 

Trembling  Aspen.    Popnlns  tremnloides.    MUM, 

Snmac.    Rhns  typhina.    X. 

Choke  Cherry.    Prunns  Virginiana,    X. 
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Wild  Flam.    Prnmis  Americana.    Mar$haiU 
White  Ash.    Fraxinos  Americana.    L, 
Sumac.    Rhoa  glabra.    L. 
Thorn.    Gratsegos. 
'  Rose.    Rosa  blanda.    AU. 
Joneberry.     Amelanchier   Canadensis,  Var.  Botryapium.     Torr4 

and  Gray, 
Ronnd-leaved  Cornel.    Comas  circinata.    VHer,  ' 

Common  Elder.    Sambacas  Canadensis.    I4, 
American  Cral^Appl^    Fynis  coronarla.    X. 
[The  yoong  twigs  and  the  under  surface  of  the  leaves  are  very  woolly 
pubescent.] 
Black  Cherry.    Frnnus  serotina.    Wit. 
Frost  Qrape.    Vitis  cordifolia.    JOc^. 
American  Elm.    XJlmus  Americana.    X.  (P2.  Clayt.)  Willd, 
High  Bush  Cranberry.    Vibumnm  Opulus.    X. 
Two  or  three  species  of  Willow.    Salix. 
Green  Ash.    Frazlnus  virldis.    Miehx.  /. 
Prickly  Ash.    Zanthozylum  Americanum.    MUL 
Cockspur  Thorn.    Crataegus  crusgalli.    L. 
Red  Raspberry.    Rubus  strigosus.    MichM. 
Black  Currant.    Ribes  florid um.    X. 
Cottonwood.    Fopulus  monliifera.    AU. 
Large-toothed  Aspen.    Fopulus  grandidentata.    Michx^ 
Bass.    TUla  Americana.    X. 
Red  Mulberry.    Moms  mbra.    X. 
Ironwood.    Ostrya  Virginica.     Willd, 
Sugar  Maple.    Acer  saccharinum.     Wang, 
Sofb  Maple.    Acer  rubmm.    X. 
Alternate-leaved  Cornel.    Cornus  alternlfolia.    X. 
Bittemut.    Caryaamara.    NuU. 

[Rare  east  of  Spring  Lake.] 
Butternut.    Juglans  cinerea.    X. 

[Very  rare  except  at  Spring  Lake  and  westward.] 
Slippery  Elm.    Ulmus  Ailva.    Michx* 
Staghom  Sumac.    Rhus  typhlna.    X. 
Tamarac.    Larix  Americana.    IRehx. 
Box  Elder.    Negundo  aceroldes.    Moench, 
Wolf  berry.    Symphorlcarpus  occldentalls.    B.  Br. 
Fanicled  Cornel.    Gorans  paniculata.    L*Her, 

[The  most  common  species  of  Cornus,'] 

In  ascending  the  valley  the  following  additional  species 
w.ere  seen :     . 

Kentucky  ColTee  Tree.    Gymnocladus  Canadensis.    Lam. 

Bed  Cedar.    Junlperas  Yirglnlana.    X. 

Black  Walnut.    Juglans  nigra.    X. 

Hackberry.  Celtls  occldentalls.  X. 
[The  hickory  grows  to  about  six  inches  in^iameter  and  then  is  invariably 
winter-killed.  A  tract  of  many  acres  is  now  being  cut  near  St.  Feter 
Jot  Aiel,  having  been  killed  the  past  winter.  All  the  trees  are  small. 
The  hackberry  Is  used  for  Ihel,  and  for  fhralture.  It  Is  commonest 
In  the  heavy  timber.  The  butternut  Is  rarely  large.  The  box-elder 
sometimes  exceeds  three  feet  in  diameter.] 

Blue  Beech.    Carplnus  Americana.    Miehx. 

TeUow  or  Gray  Birch.    Betula  lutea.    Michx.,/, 
[There  Is  said  to  be  a  species  of  locust  at  St.  Peter,  but  it  has  not  been 
recognized  by  the  survey.    The  above  species  of  birch  has  oblong 
catkins,  and  spreading  lobes  on  the  scales  which  are  8  Inches  long. 
The  lobes  are  obtuse.] 
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The  Trees  and  Shrubs  of  Big  Stone  Lake. 

At  Mr.  Hurley's,  eight  miles  above  the  foot  of  Big  Stone 
Lake,  on  the  north  side,  the  following  trees  and  shrubs 
were  seen  growing : 

Irees — In  the  order  of  abundance. 

White  Ash.    Fraxinns  Americana.    X. 
Bur  Oak.    Qnercns  macrQcarpa.    JfieAx. 
Basswood.    Tilla  Americana.    L. 
Elm.    XJlmns  Americana.    L.  {PI.  Olayt.)  WUUL 
Box  Elder.    Negnndo  aceroides.    Moemen, 
£Thi8  makes  a  very  fine  <<  maple  sugar,"  and  symp.    It  is  abuidant  oa 
the  islands.] 
Cottonwood.    Popnlos  moniUfera.    AU* 
Hackberry.    Celtis  occidentalis.    L. 
Ironwood.    Ostrya  Yirglnica.    WiUd. 
Soft  Maple.    Acer  rubmrn.    X. 
Wild  Flam.    Franos  Americana.    Manhall. 
Slippery  Elm.    Ulmns  Ailva.    Jliiehx. 
WUlow.    Saliz  nigra.    Mar$hdU. 

Shrubs. 

Grape.    Vitis  aestivalis.    Miehx.  (?) 

Gooseberry,  (prickly.)    Bibes  Cynosbatl.    X. 

Gooseberry  (smooth).    Ribes  rotandifoliom.    Mtchx. 

Wolfberry.    Symphorlcarpns  occidentalis.    B.  Br, 

Black  Currant.    Ribes  floridam.    X. 

Frickly  Ash.    Zanthozylnm  Americanum.    Mill, 

Red  Raspberry.    Rnbus  strigosns.    Michx, 

Black  Raspberry.    Rnbns  occidentalis.    X. 

Sweet  Elder.    Sambucns.     ? 

Sweet  Vibamam.    Vibomom  Lentagol    X. 

Red  Osier  Dogwood.    Comas  stolonifera.    JUReAx. 

Bittersweet.    Oelastrns  scandens.    X. 

Choke  Cherry.    Franas  Virginiana.    X. 

Red  Rose.    Resa  lacida.    Ehr,  (  ?; 

White  Rose.    Rosa  blanda.    Ait, 

Virginia  Creeper.    Ampelopsis  qoinqaefolia.    Mchx, 

Waahoo.    Eaonymas  atroparpareas.    Jacq, 

Smooth  Samac.    Rhas  typhina.    X. 

[The  list  of  plants  of  Minnesota  by  Dr.  I.  A.  Lapham, 
alluded  to  in  the  Address  to*  the  President,  is  withheld  for 
future  publication.] 


EBB  ATA. 


On  page  191, 17th  line  ftom  the  bottom,  lor  "  sapposition"  read  super- 
position. 
On  page  157,  8rd  line  ftom  the  top,  for  "  half  a  mUe,"  read  one  mile. 
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Shumard,  Dr.  B.  F.,  survey  by 180 
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Sloogh  peat 89 
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Ward,  A.  L.,  peat  manufactured  by 102 
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Windom,  peat  near • 102 
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3o  the  Ftesident  of  the  Untverstiy: 

The  re&:ular  work  of  the  Geological  and  Natural  History 
survey  of  the  State  was  interrupted  during  the  season  of 
1874.  The  condition  of  the  new  buildings  at  the  Univer- 
sity has  been  such  that  no  chemical  work  could  be  satisfac- 
torily done,  and  very  little  has  been  accomplished.  The 
same  cause  deranges  the  geological  laboratory  and  delays  the 
unpacking  and  examination  ot  specimens.  Not  a  room  has 
been  available  during  the  season  lor  opening  and  unpacking 
boxes* 

At  the  cloge  of  the  spring  term  in  the  University,  the 
Board  of  Begents  granted  the  request  of  Col.  Wm.  Ludlow, 
U.  S.  T.  E.y  and  allowed  the  departure  of  the  State  6eolo« 
pst  with  the  expedition  of  General  G.  A.  Custer  to  the  Black 
Hills  oi  Dakota.     He  was  absent  during  July  and  August. 
This  again  broke  in  upon  plans  that  bad  been  laid  tor  a 
vigorous  prosecution  of  the  field-work  of  the  State  survey. 
The  Begents,  however,  rightly  regarded  the  exploration  and 
development  of  the  Black  Hills  of  Dakota  as  largely  tribu- 
tary to  the  State  of  Minnesota,  while  the  accessions  that 
would  be  made  to  the  University  Museum  were  likely  to 
more  than  repay  the  expense  and  time  required.    The  young 
State  of  Minnesota  also  may  claim  the  honor  of  sending  the 
first  geologist  through  the  unexplored  interior  of  the  Black 
Hills,  so  long  involved  in  mysterious  and  legendary  uncer- 
tainty.    A  r<  port  on  the  geology  of  the  route  and  of  the 
Black  Hilla  of  Dakota  is  heiewith  transmitted.*    The  prob- 
lems that  have  long  been  debated  by  geologists  concerning 
the  relative  ages  of  certain  sandstones  of  the  Lower  Silurian 

*  By  order  of  the  Bomrd  of  Begents  this  report  hfis  been  transmitted  to  Col.  Wm. 
Lndlow. 
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receive  some  light  by  the  geological  examiDation  of  the 
Black  Hills,  and  some  of  the  detailed  sections  of  those  rocks, 
given  in  the  accompanying  report,  are  exceedingly  interest- 
ing. Every  facility,  except  a  sufficiency  of  time,  was  placed 
at  my  disposal  by  Gen.  G,  A.  Custer,  through  Col.  Ludlow, 
for  the  prosecution  of  the  geological  examinations.  The 
expedition,  being  restricted  to  sixty  days,  and  with  provi- 
sions only  for  that  len<2th  of  time,  was  compelled  to  pass 
over  the  ground  faster  than  was  conducive  to  a  full  knowl 
«ds:e  of  the  geology  of  the  region  traversed. 

After  my  return  hom  the  Black  Hills,  delayed  somewhat 
by  sickness  in  my  family,  and  by  the  necessary  preliminary 
work  for  the  accompanying  report,  I  had  only  time  to  com- 
plete the  examination  of  two  counties.  I  chose  Freeborn 
and  Mower,  those  being  next  the  State  of  Iowa  and  within 
the  possible  coal  area  of  Minnesota.  A  local  interest  had 
been  excited  in  Freeborn  county  by  the  developments  of  a 
shaft  at  Freeborn  which  was  reported  to  go  through  several 
feet  of  good  coal.  This  region  has  been  thoroughly  ex- 
plored and  the  full  details  are  contained  in  the  accompanying 
report  on  that  county.'  I  am  greatly  obliged  to  Wm.  Morin, 
Esq.,  of  Albert  Lea,  for  guidance  and  assistance  in  the  sur- 
vey of  Freeborn  county,  and  to  Hon.  A.  A.  Harwood,  of 
Austin,  for  the  same  in  making  the  survey  of  Mower  county. 

Various  parties  have  submitted  to  thia  survey,  for  analy- 
sis, ores  from  the  northern  part  of  the  State,  and  havd  ap- 
plied ior  assistance  in  exploring  those  portions  of  the  north- 
ern part  of  the  State  that  are  known  to  afford  indications  of 
the  precious  and  useful  metals.  In  some  cases  thiese  sam- 
ples of  ores  have  been  received  and  analyses  have  been  pro- 
cured, through  the  agency  of  the  survey,  by  chemists 
abroad  ;  but  it  has  not  been  possible  to  afford  any  guidance 
to  persons  applying  for  assistance  in  field  exploration.  It 
is  exceedingly  desirable  that  the  chemical  laboratory,  now 
hearly  completed,  be  made  available  for  the  work  of  the 
sijrvey,  as  soon  as  possible. 

In  the  early  part  of  the  season,  a  pamphlet  on  Peat  for 
Domestic  Fuel^  was  prepared,  at  my  request,  by  Prof.  S. 
P.  Peckham,  the  Chemist  of  the  survey,  for  general  distri- 
bution. Several  hundred  copies  have  been  gratuitously  dis- 
tributed to  those  citizens  of  the  State  interested  in  the  sub- 
ject of  peat  fuel,  and  it  was  printed'  in  full  by  the  Farmers 
Union,  the  principal  agricultural  newspaper  of  the  Stale. 
It  was  hoped  thereby  to  give  the. needed  information  con- 
cerning the  nature  and  outward  characters  of  peat,  to  the 
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farmers  and  otberg  living  in  the  treeless  districts,  that  would 
enable  tbem  to  discover  and  to  make  use  of  it  as  a  common 
fuel  wbere  it  exists,  if  tbey  sbould  teel  so  disposed. 

During  tbe  season  of  1873  but  very  little  good  peat  was 
found  in  tbe  counties  of  Jackson,  Cottonwood. and  Noble's; 
but  in  the  examination  of  Freeborn  county,  during  tbe  past 
season,  inexhaustible  quantities  of  tbe  best  qualities  of 
6brous  peat  were  met  with.  Mower  county  contains  very 
little. 

Very  respectfully, 

N.  H,  WINCHELL. 
The  Univebsity  of  Minnesota, 


Minneapolis,  Dec.  31,  1874 


.1 


Digitized  by 


Google 


1[48  ANNUAL  REPORT. 


KEPORT    ON    THE    GEOLOGY    OF 
FREEBORN  COUNTY. 


Situation  and  Area. 


Freeborn  county  borders  on  the  State  of  Iowa,  and  is 
very  near  the  center  of  the  southern  boundary  line  of  Min- 
nesota. It  has  the  form  of  a  rectangle,  having  a  length, 
east  and  west,  of  five  government  towns,  and  north  and 
south,  a  width  of  four,  making  an  area  of  720  square  miles, 
or  449,235.63  acres,  alter  deducting  the  aneas  covered  by 
water. 

Natural  Drainage. 

With  the  exception  of  Freeborn,  Hartland,  and  Charleston 
townships,  the  surface  drainage  is  toward  the  south  and 
southeast.  The  county  embraces  the  head  waters  of  the 
Shellrock  and  Cedar  rivers  of  Iowa,  and  those  of  the  Cobb 
river,  which  joins  the  Minnesota  toward  the  north.  Hence 
it  lies  on  the  watershed  between  two  great  drainage  slopes. 
For  the  same  reason  none  of  its  streams  are  large;  the 
Shellrock,  where  it  leaves  the  State,  being  its  largest.  The 
streams  have  not  much  fall,  but  afford  some  water  power, 
which  has  been  improved  in  the  construction  of  flouring 
mills.  Such  are  found  at  Albert  Lea  and  at  Twin  Lakes. 
In  these  cases  the  body  of  water  confined  in  the  upper  lake 
serves  as  the  water-head  and  reservoir,  the  mills  being  con- 
structed near  their  outlets.  There  is  also  an  available  wai- 
ter-power at  Shellrock  village,  but  its  use  would  cause  the 
flooding  of  a  large  body  of  land  adjoining  the  river. 

Surface  Feilures. 

The  surface  of  the  county,  although  having  no  remarkable 
and  sudden  changes  of  level,  yet  is  considerably  diversified 
as  a  rolling  prairie,  more  or  less  covered  with  sparse  oaks 
and  oak  bushes.     The  plats  of  the  United  States  surveyors, 
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on  file  in  the  Register's  office  at  Albert  Liea,  indicate  con- 
diderably  more  area  covered  with  timber,  or  as  *<  oak  open- 
ings," when  the  county  was  surveyed  by  them,  than  is  now 
the  case.  The  following  minutes  are  based  on  an  examina- 
tion of  their  plats,  and  will  give  a  pretty  correct  idea  of  the 
distribution  of  the  oak  openings  and  the  prairie  tracts 
throughout  the  county. 

London.  The  most  of  this  township  is  prairie,  a  belt  of 
oak  openings  and  timber  entering  it  from  the  north,  about 
three  miles  wide,  in  the  center  of  the  town,  and  extending 
to  the  center,  bearing  off  to  the  SE  ,  and  terminating  in 
sec.  24.  The  magnetic  variation  throughout  the  town  was, 
when  surveyed  (1854)  from  8^  20'  to  10°  42',  the  greatest 
being  in  sec.  33  and  34. 

Oakland.  A  little  more  than  a  half  ot  this  township  con- 
sists of  oak  openings,  an  area  in  the  eastern  half  only  be- 
ing prairie,  with  a  small  patch  also  in  sec.  31.  Two  large 
eloughs  cross  the  town,  one  through  sections  30,  31  and  32, 
and  the  other  through  sections  4,  5,  8,  7  and  18.  Magnetic  * 
variation  about  S^,  varying  from  b^  12'  to  \(P  8',  in  1854. 

Moscow.  Nearly  the  whole  of  this  township  is  taken  up 
with  oak  openings  and  marshes.  Turtle  creek  crosses  it 
from  NW.  to  SE.  A  large  portion  cif  the  northern  half  of 
the  town  is  a  floating  marsh,  containing  a  great  quantity  of 
peat.     Mag.  Var.  from  9°  20'  to  10®  20'  in  1854. 

Newry.  There  is  a  small  patch  of  prairie  in  the  north- 
east part  of  this  town,  sees.  1,  12,  13  and  24,  and  a  small 
area  in  sees.  20  and  21.  There  is  another  in  the  NW.  cor- 
ner, embracing  sections  6  and  7,  and  parts  of  5,  8  and  18. 
The  rest  is  openings  and  marsh,  particularlv  of  marsh  in  the 
SW.  corner.     Mag.  Var.  8^  20'  to  9^  40',  in  1854. 

Shellrock.  A  belt  about  IJ  miles  wide  along  the  west 
fiide  of  this  town,  accompanying  the  Shellrock  river,  consti- 
tutes the  only  openings  or  timbered  portion,  the  rest  being 
prairie.  This  district  al^^o  comprises  some  marsh,  viz.,  sees. 
19  and  31.  The  first  house  in  the  county  was  built  in  sec. 
33  in  this  town,  in  the  SW.  quarter.  Mag.  Var.  8^  45'  to 
lOo  15' in  1854. 

Hayward.  A  wide  belt  of  prairie  occupies  about  two- 
thirds  of  this  town,  running  N.  and  S.  throu£:h  the  center. 
On  the  west  of  this  is  a  rolling  tract  embracing  a  portion  of 
Lake  Albert  Lea  and  some  tributary  marshes,  while  on  the 
east  a  large  marsh  covera  sections  12  and  14,  and  portions 
of  13,  11,  15,  22  and  23.  There  is  also  a  prairie  tract  in 
sec.  1. 
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Riceland.  This  township  is  about  equally  divided  be- 
tween praiiie,  openings  and  marsh,  the  first  being  in  the 
south  central  portion,  the  second  in  the  northwest  and  cen- 
tral, bordering  on  Kice  Lake,  and  the  marsh  in  the  north- 
eastern part  of  the  town.     Mag.  Yar.  from  8^  45^  to  10^  iV 

Chneva,  There  is  but  little  prairie  in  this  town,  the 
southern  portion  being  comprised  in  a  large  marsh  which  is 
crossed  by  Turtle  creek,  the  outlet  of  Walnut  lake.  The 
central  portion  is  occupied  by  oak  openings  which  also 
extend  to  the  NW.  and  W.  boundaries.  The  prairie  is  in 
the  northern  and  eastern  portions.  Mag.  Yar.  9^  KV  to  10^ 
23'  in  18^4. 

Freeman.  .  This  township  comprises  no  prairie.  It  is 
mostly  devoted  to  oak  openings,  but  a  series  of  marshes, 
drained  by  the  tributaries  of  the  Shellrock,  that  cross  it  to- 
ward the  SK.  take  up  a  considerable  area  in  the  central  and 
eastern  portions.  Mag.  Yar.  9<^  to  10°  40'  in  18.54,  the 
greatest  b^ng  in  sec.  31. 

Albert  Lea.  This  township  is  nearly  all  taken  up  with 
oak  openings,  but  a  few  small  marshei.  trending  NW.  and 
SE.,  are  found  in  different  portions.  There  is  also  a  small 
patch  of  prairie  in  sec.  6,  and  another  in  the  SE.  corner  of 
the  county.  The  western  arm  of  Albert  Lea  lake,  through 
which  the  Shellrock  river  runs,  is  in  the  central  and  eastern 
part  of  this  town,  and  adds  greatly  to  the  variety  and  beauty 
of  its  natural  scenery.  Pickerel  lake  is  ai^o  partly  in  this 
township.     Mag.  Yar.  8^  46'  to  10°  U«'  in  1854. 

Bancroft.  A  little  more  than  one-fourth  of  this  township 
is  prairie,  situated  in  the  center  and  southwestern  portions. 
The  rest  of  the  town  is  covered  with  oak  openings.  The 
source  of  the  Shellrock  is  in  the  NW.  part  of  this  town. 
Mag.  Yar.  8^  W  to  10°  15'  in  1854. 

Bath.  An  area  of  openings  comprising  about  half  of  this 
town  in  the  central  and  eastern  portion,  is  nearly  surround- 
ed by  a  belt  of  prairie.  Small  marshes  are  scattered  through 
the  town.     Mag.  Yar.  8^  45'  to  10°  35'  in  1854. 

Nunda.  This  town  is  also  mostly  openings  but  an  area 
of  prairie  occurs  in  sees.  4,  5,  9  and  3,  and  another  lies 
southwest  of  Bear  lake.  Considerable  marsh  land  is  em- 
braced within  the  area  ot  openings.  Mag.  Yar.  in  1854  10^ 
5'  to  12^  15',  the  latter  in  sec.  31. 

Pickerel.  The  west  half  of  this  township  is  prairie,  and 
the  eastern  is  devoted  to  openings  with  lakes  and  marshes. 
Mag.  Yar.  9°  45'  to  11^  50'  in  1854. 

Manchester.    About  one  half  of  this  town  is  prairie,  the 
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remainder  being  oak  openings.  The  prairie  lies  in  the  north- 
western and  southern  portions.  Small  marshes  occur  both 
in  the  prairie  and  bpenings.  Mag.  Var.  10^  to  12^  15'  in 
1854. 

Bdrtldnd.  This  town  is  almost  entirely  composed  of 
prairie,  the  only  timber  being  about  Mule  lake,  and  in  the 
southern  portions  of  sees.  34,  35  and  36.  There  is  not 
much  marsh  in  the  town.  Mag.  Var.  9°  45'  to  12°  26'; 
(1854). 

Manffield.  This  town  is  nearly  hII  prairie,  A  small  patch 
of  oak  openings  occurring  in  sees.  3, 10  and  15.  The  NW. 
part  of  the  township  is  rolling  and  the  SE.  is  level  and  wet 
with  marshes.     Mag.  Var.  11°  30'  to  18^  40',  (1858). 

Alden.  This  town  is  all  prairie,  with  scattered  small 
marshes.     Mag.  var.  11^  27'  to  13^  15'  (1854.) 

Charleston.  This  town  is  all  prairie,  except  a  narrow 
belt  of  spnise  timber  about  Freeborn  lake.  Long  narrow 
marshes  spread  irregularly  over  the  central  and  eastern  por- 
tions of  the  town.  In  the  SE.  quarter  of  sec.  36  there 
18  also  a  small  area  of  sparse  Mmber.  Mag.  Var.  11^  13'  to 
13<^  (1854.) 

Freeborn.  In  this  town  there  is  a  little  sparse  timber 
about  the  uorth  ends  of  Freeborn  and  Spfcer  lakes,  and  a 
little  adjoining  Spicer  lake  on  the  east.  There  are  also 
ts<}me  openings  in  sec.  26,  where  the  arms  of  the  marsh  pro- 
tect the  timber  from  the  prairie  fires.  The  rest  is  ot  prairie 
with  spreading  marshes.  Mag.  var.  (1854)  11^  55'  to 
12^50'. 

North  and  west  of  Albert  Lea  in  a  veiy  broken  and  roU- 
iug  surface  of  sparse  timber.  This  tract  consists  of  bold 
hills  and  deep  valleys  wrought  in  the  common  drift  of  the 
country.  On  some  of  these  hills  are  granitic  boulders,  but 
the  country. generally  does  not  show  many  boulders.  The 
diift  is  generally,  in  this  broken  tract,  a  gravelly  clay.  In 
some  ol  the  street- cuts  for  grading,  a  gravel  is  found,  con* 
taining  a  good  deal  of  limestone. 

A  great  many  of  the  marshes  of  the  county  are  surround- 
ed with  tracts  of  oak  openings,  a  fact  which  indicates  that 
the  marshes  serve  as  barriers  to  the  prairie  fires.  Such 
marshes  aie  leally  filled  with  water,  and  quake  with  a  heavy 
peat  deposit  on  being  trod  on.  They  are  very  diflferent 
Irom  those  of  counties  further  west,  as  in  Nobles  county, 
which,  in  the  summer,  are  apt  to  become  dried,  and  are  an- 
nually clothed  with  a  growth  of  coarse  grass,  which  feeds 
the  fires  that  pass  over  the  country  in  the  fall,     ^s  a  gene- 
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rat  rule,  but  little  or  no  grass  grows  ou  a  good  peat  marsh. 

The  contour  ot  the  sartace  ot  the  county  is  further  exem- 
plified by  the  folloivius  elevations  obtained  trom  lines  run 
by  railroad  surveys.  They  were  furnished  by  Wm.  &forin, 
Esq.»  ot  Albert  Lea : 

Elevations  taken  from  a  P  eliminary*  Survey  made  in 
July,  1870, .  through  Freeborn  county,  Minn.,  by  Wm. 
Morin : 

Commencing  on  the  State  Une  (sonth),  930  feet  east  of  the  i  stake,  on 
south  side  of  section  32,  T.  101,  R.  20;  thence  north  to  Shellrock  City, 
on  sec.  6,  T.  101,  R.  20;  thence  N.  40®  W.  to  Albert  Lea,  oa  sec.  S,  T. 
102,  R.  21;  thence  N.  40<=>  £.  to  Gdneya,  on  sec.  7,  T.  104,  R.  20;  and 
thence  N.  to  the  Steele  county  line. 

Above  OceRn. 

Station  No.  1— At  point  980  feet  £.  of  i  stake,  on  sec.  82,T.  101,  20.  1,232 

"       **  100 1,241 

*•       "  190 1,219 

««      "  199-10— Water  in  Shellrock  river,  east  bank 1,217 

*'      "200-80—    "  "  "      west  bank 1,217 

••       **  202 1.232 

♦«      *' 800— SheUrock  City  (Town  Plat) 1,241 

<i  (i  494— Summit  between  SheUrock  and  Albert  Lea..  \  Z  r  1,333 
«i      ic  664— Albert  Lea  (Town  Wat) f  =3  j    i,263 

Lake  Albert  Lea 1^1    1>^21 

*«      "1064— Summit  at  Clark's  Grove /  ;::  '    1,834 

Geneva  Lake  (or  Walnut  Lake) 1,234 

*  *      «*1330— At  Steele  county  line,  sec.  6,  T.  104,  20 1,22G 


Elevations   obtained  from  O.  D.  Brown,  Esq.,  Engineer 
on  S.  M.  R.  B. : 

Above  tha  Ocean. 

Milwaukee  and  St.  Paul  R.  R.— Top  of  rail  at  Ramsey 1,238 

Water  in  Turtle  Creek— 4  miles  west  of  * «       1 ,2 j4 

Oakland  Station— 6  miles  '*  "       1,286 

Big  Marsh— 12  miles  '*  " i,2C6 

Lake  Albert  Lea— 20  miles  *<  •*      -....1,221 

Grade  at  Albert  Lea  depot 1,240 

Jenning's  Summit— 5  miles  west  of  Albert  Lea 1 ,342 

Grade  at  Alden  Station  - 10^  miles  west  of  Albert  Lea 1,28 1 

**      •*  Wells       **         20      **        **  **        1,171 

The  county  tbu8  appears  to  contain  some  of  the  highest 
land  in  the  State.  Some  of  the  counties  further  west,  par- 
ticularly Nobles,  and  Mower  county  on  the  east,  rise  from 
one  to  two  hundred  feet  higher.  There  in  also  a  high  and 
rolling  tract  in  the  north  central  portion  of  the  State,  cover 
ing  Otter  Tail  county,  which  rises  to  about  the  same  level, 
as  shown  by  railroad  profiles.  The  greater  portion  of  the 
State,  however,  lies  several  hundred  feet  lower  than  Free- 
born county. 
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Soil  and  'limber. 

Throughout  the  county  the  soil  depends  on  the  nature  of 
the  drift  combined  with  the  various  modifying  local  circum- 
stances. There  is  nothing  in  the  county  that  can  properly 
be  designated  a  '' limesione  soiW  or  a  **  sandstone  soil.'' 
The  materials  of  which  it  is  composed  have  been  transported 
perhaps  several  hundred  miles,  and  are  so  abundantly  and 
universally  spread  over  the  underlying  rock  that  they  receive 
no  influence  from  it.  The  subsoil  is  a  gravelly  clay,  and  in 
much  of  the  county  that  also  constitutes  the  surface  soil.  In 
low  ground  this  of  course  is  disg^^ised  by  a  wash  from  the 
higher  ground,  causing  sometimes  a  loam  and  sometimes  a 
tough,  fine  clay ;  the  latter  particularly  in  those  tracts  that 
are  subject  to  inundation  by  standing  water.  On  an  undu- 
lating prairie,  with  a  close  clay,  or  clayey  subsoil,  such  low 
spots  are  apt  to  have  a  black,  rich  loam  or  clayey  loam,  the 
color  being  derived  from  the  annual  prairie  fires  that  leave 
charred  grass  and  other  vegetation  to  mingle  with  the  soil. 
The  same  takes  place  on  wide  tracts  of  flat  prairie^  In  these 
there  may  be  but  rarely  a  stone  of  any  kind — indeed  that  is 
usually  the  case — but  below  the  immediate  surface*  a  foot  or 
eighteen  inches,  a  gravelly  clay  is  always  met  with.  This 
at  first  doubtless  formed  the  soil,  the  disintegrating  forces  of 
frost,  rain  and  wind,  combined  with  the  calcining  effects  of 
the  prairie  fires,  having  reduced  the  stones  and  gravel  to 
powder,  leaving  a  finely  pulverized  substance  for  a  surface 
soil.  In  a  rolling  tract  of  country,  while  the  low  ground  is 
being  filled  slowly  with  the  wash  from  the  hills,  and  furnished 
with  a  fine  surface  soil,  the  hills  are  left  covered  with  a 
coarse  and  stony  surface  soil.  For  that  reason  a  great  many 
boulders  are  sometimes  seen  on  the  tops  of  drift  knolls. 
Along  streams,  and  about  the  shores  of  lal'es,  the  action  of 
the  water  has  carried  aw^iy  the  clay  of  the  soil  and  often 
eaten  into  the  original  drift,  letting  the  stones  and  boulders 
tumble  down  to  the  bottom  of  the  bauk,  where  they  are  often 
very  numerous.  Along  streams  they  are  sometimori  again 
covered  with  alluvium, — indeed  are  apt  to  be — but  along  the 
shores  of  lakes  they  are  kept  near  the  beach  line  by  the  ac- 
tiou  of  winter  ice.  After  a  lapse  of  time  sut&cient,  the  banks 
themselves  become  rounded  off,  and  finally  turfed  over  or 
c<»vered  with  trees.  These  lakes  sometimes  extend  their 
limits  laterally,  but  slowly  become  shallower. 

This  county  is  furnished  with  a  number  of  very  beautiful 
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lakeB.    These  are  generally  in  the  midst  of  a  rolling  country, 
and  some  of  their  banks  are  high. 

In  the  survey  or  the  county  the  following  species  of  trees 
and  shrubs  are  noticed  growing  native : 

Barr  Oak.    Qaercas  macrocarpa.    Michx, 

Red  Oak.    Quercos  rubra.    X.    (This  species  is  not  satfsftctorily 

identified.) 
Aspen.    Populns  tremaloides.    Michx, 
Elm.    Ulmus  Americana    {PI.  Clayt.)  WUld, 
Black  Cherry.    Pranus  seroiina.    Ehr. 
American  Crab.    Pyrus  coronarla.    L, 
Bitternut.    Carya  amara.    NuU, 
Black  Walnut.    Juglans  niffra.    L* 
Wild  Plum.    Prunus  Americana.    Marsh, 
White  Ash.    Fraximus  Americana.    Z. 
Buiternat.    Jnglans  cinerea.    L, 
Hazlenat     Gorylua  Amerlciaua.     WaU. 
Frost  Grape.    Vltis  cordifolia.    Miehx. 
Bittersweet.    Celastms  scandens.    Z. 
Smooth  Sumach.    Rhus  glabra.    L. 
Red  Raspberry.    Rubus  strigosus.    Miehx, 
Rose.    Rosa  blanda.    AU. 

Wolfberry.    Symphoricarpus  occidentalis.    B,  Br. 
Bass.    Tilia  Americana.    L, 
Prickly  Ash.    Zanthoxylam  Amerlcanum.    Mil. 
Cor  I.  en    (Different  Hpecles.) 
Willow.    (Different  species.) 
Gooseberry  (prickly).    Rlbes  cynosbatl.    L. 
Thorn.    Crataegus  cocclnea.    L, 
Hackberry.    Celtic  occidentalis.    Z. 
Sugar'Maple.    Acer  saccharioum.     Wang. 
Cottonwood.    Populus  monilifera.    AU. 
Soft  Maple.    Acer  rubrum.    Z. 
Cockspur  Thorn.    Crataegus  Crus-galli.    Z. 
Slippery  Elm.    Ulmus  fulva.    Michz. 
Black  Ash.    Fraximus  sambuclfolia.    Jjam, 
High-bush  Cranberry.    Viburnum  Opnlus.    Z.  , 

Choke  Cherry.    Pmnus  Virginiana.    Z. 
Shagbark  Hickory.    Carya  alba.    NutU    (On  M.  L.  Bullls'  laud,  hi 

Moscow  township,  near  the  county  line. — A.  A,  Harwood.) 

Besides  the  foregoinsr,  the  following  list  embraces  trees 
that  are  frequently  seen  in  cultivation  in  Freeborn  county : 

Spruce. 

Red  Cedar.    Junlporus  Virginiana.    Z. 
Mountain  Ash.    Pyrus  Americana.    Z>.  C. 
Balsam  Poplar.    Populus  balsamlfera.    Z.  Var.  candicans. 
Lombardy  Poplar.    Populus  dllatata.    AU. 

Locust     Robinia  Pseudacacia.    Z.    [The  Locust  dies  out  in  Free- 
born county.] 
Hackmatack.    Larix  Amerlchna.    Michx. 
Arbor  Yitae.    Thuja  occidentalis.    Z. 
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2Tie  Oeological  Structure. 

There  is  not.  a  natural  exposure  of  the  underlying  rock  in. 
Freeborn  county.  Hence  the  details  of  its  geological  struc-. 
ture  are  wholly  unknown.  It  is  only  by  an  examination  of 
outcrops  in  Mower  county  i^nd  in  the  adjoining  coupties  of 
Iowa,  together  with  a  knowledge  of  the  general  geology 
of  that  portion  of  the  State,  that  anything  can  be  known  of 
the  geology  of  Freeborn  county.  In  the  absence  of  actual 
outcrops  ol  rock  within  the  county,  there  are  stil!  some  evi- 
dences of  the  character  of  the  rock  th  it  underlies  the  county^ 
ID  the  nature  and  position  ot  the  drift  materials.  There  is/ 
besides,  a  shaft  that  has  struck  the  Cretaceou<)  in  the  north- 
western portion  of  the  county,  in  exploration  for  coal. 

Although  the  drilt  is  heavy  it  lies  in  such  positions  that  it 
shows  some  changes  in  the  surface  of  the  bed  rock.  It  is  a 
principle  pretty  well  established  that  any  sudden  great  alter- 
nation in  the  rock  from  haidness  to  softness,  as  from  a  heavy 
limestone  layer  to  a  layer  of  erosible  shales,  or  from  shale*) 
to  more  enduring  sandstone,  each  stratum  having  a  cousid- . 
erable  thickness,  is  expressed  on  the  drift  by  changes  from  a 
rough  and  rolling,  more  or  less  stony  surface  to  aflat  and 
nearly  smooth  surface,  or  vice  versa.  It  sometimes  happens 
that  the  non -outcropping  line  of  superposition  of  one  impor- 
tant formation  with  another,  either  above  or  below,  can  be 
traced  across  a  wide  tract  of  drift  covered  country  by  foU 
lowing  up  a  series  of  gravel  knolls  or  ridges  that  accompany 
it,  or  by  some  similar  feature  of  the  topography.  Again,, 
the  unusual  frequency  of  any  kind  of  rock  in  the  drift  at  a 
certain  place,  especially  if  it  be  one  not  capable  of  beariUiT 
long  transportation,  is  pretty  good  evidence  of  the  proximity 
of  the  parent  rock  to  that  locality. 

Applying  these  principles  to  Freeborn  county,  wo  find 
throughout  the  county  a  great  many  boulders  of  a  hard, 
white,  compact  magnesian  limestone,  that  have  been  exteu- 
sively  burned  for  quicklime.  These  attracted  the  attention 
ot  the  tarly  settlers,  and  before  the  construction  of  the 
Southern  Minnesota  railroad  supplied  all  the  lime  used  in 
the  county.  Although  these  boulders  are  capable  ot  being 
transported  a  great  distance,  thei>*  great  abundance  points 
to  the  existence  ot  the  sourge  ot  supply  in  the  underlying 
bed-rock.  In  the  drift  also  are  frequently  found  pieces  of 
lignite,  or  Cretaceous  coal,  which  cannot  be  far  transported 
by  glacier  agencies.  This  also  indicates  the  existence  of  the 
Cretaceous  lignites  in  Freeborn  county.  In  regard  to  changes 
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in  the  character  of  the  natural  surface,  wo  seen  a  evenly  flat 
and  prairie  surface  in  the  western  tier  of  towns,  and  in  the 
aoutheastern  part  'of  the  county,  and  a  hilly  and  sravelly 
tract  of  irregular  shape  in  the  central  portion.  There  are 
two  ridges  or  divides,  formed  superficially  of  drift,  that 
occur  in  the  central  part  of  the  county,  one  north  of  Albert 
Lea,  and  the  other  south  of  it,  separated  about  eleven  miles, 
as  shown  by  a  series  of  elevations  from  a  preliminary  R.  R, 
fiurvey  by  Mr.  Wm.  Morin,. already  mentioned.  What  may 
be  their  direction  at  points  further  removed  from  Albert 
Iiea  it  is  not  possible  to  state  with  certainty,  but  on  one  side 
they  seem  to  trend  toward  the  NW.  Indeed  there  seems  to 
be  an  NW.  and  SE.  trend  to  the  surface  features  of  Free- 
born county  generally,  Such  rough  surfaces,  and  especially 
the  ridges  ot  drift,  are  more  stony  and  srravelly  than  the  flat 
portions  of  the  county.  They  mark  the  location  of  great 
inequalities  in  the  upper  surface  of  ihe  underlying  rock, 
the  exact  nature  of  which  cannot  be  known. 

In  addition  to  these  general  indications  of  the  character 
of  the  rock  of  the  county,  the  shaft  sunk  for  coal  at  Freeborn, 
reveals  the  presence  of  the  Cretaceous  in  that  portion  of  the 
€Oiinty,andexaminationsof  the  nearest  exposuresinthe neigh- 
boring county  of  Iowa«  disclose  the  Hamilton  limestone  of  the 
Devonian  age.  This  limestone  is  exacitly  like  that  found  so 
abundantly  in  the  form  of  boulders  in  Freeborn  county.  As 
the  general  direction  of  the  drift  forces  was  towards  the 
south,  and  as  the  strike  of  the  Hamilton  in  Iowa,  according 
to  Dr.  C.  A.  White  (see  his  map  of  the  geology  of  Iowa, 
Final  Report,  187C)  is  toward  the  N.  W.,  there  is  abund- 
Ant  reason  for  concluding  that  that  formation  also  extends 
under  Freeborn  county:  The  preliminary  oncological  map 
oi  the  State  of  Minnesota,  published  in  1872,  indicates 
Freeborn  county  almost  entirely  underlain  by  the  Devon- 
ian, the  only  exception  being  in  the  northwestern  corner. 
How  much  further  toward  the  N.  W.  these  limestone  boul- 
ders can  be  traced  with  equal  abundance,  the  explorations 
of  the  survey  have  not  yet  revealed.  The  Devonian  does 
not  certainly  cross  the  Minnesota  river.  Yet  in  McLeod 
<;ounty,  which  lies  in  the  line  of  strike  of  the  Devonian  of 
Iowa  and  Freeborn  county  toward  the  N.W.,  on  the  oppo- 
site side  of  the  Minnesota  river,  the  same  limestone  boul- 
ders are  very  abundant,  some  being  so  large  as  to  have  been 
reputed  rock  in  situ^  and  quarried  as  such  till  exhausted. 
The  northwestern  corner  of  Freeborn  county  has  been  re- 
garded as  underlain  by  a  limestone  of  the  age  of  the  Nia- 
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gam,  belonging  to  the  Upper  Silurian,  that  formation  in  the 
iforthwest  ooming  directly  below  the  limestones  of  the  De<- 
Youian.  That  may  be  correct ;  but  it  is  certain  that  there  19 
in  ihe  neighborhood  of  Freeborn  an  area  of  the  Cretaceous, 
which  must,  in  that  cafte,  overlie  the  Silurian  limestones. 
This  Cretaceous  area  is  believed  to  extend  north  and  south 
across  the  west  end  of  the  county,  and  to  be  roughly  coin* 
cident  with  the  flit  and  prairie  portion  in  the  western  part 
of  the  county,  in  which  case  tt  also  overlaps  the  Devonian. 

Explorations  for  Coal. 

In  common  with  many  other  places  in  southern  Miune" 
8ota,  Freeborn  township,  in  the  northwestern  corner  of  this 
county,  has  lurnished,  Irom  the  diift,  pieces  of  Cretaceous 
Ji&»nite  that  resemble  coal.  These  have,  in  a  number  ot  iu- 
stances,  incited  ardent  expectations  ot  coal,  and  led  to  the 
outlay  of  money  in  explorations.  Such  pieces  are  taken  out 
in  digging  wells.  The  opinion  seems  to  grow,  in  a  commu- 
nity where  such  fiagmeuls  are  found,  that  coal  of  the  Car- 
boniferous age  exists  in  the  rocks  below.  In  sinking  a  drill 
foi  an  artesian  well,  at  Freeborn  village,  very  general  atten- 
tion was  directed  to  the  reported  occurrence  of  this  coal  in 
a  regular  bed,  in  connection  with  a  **  slate  rock."  This  lo- 
cality was  carefully  examined,  and  all  the  information  was 
gathered  bearing  on  the  subject  that  could  be  found.  The 
lecoid  of  the  first  well  drilled  is  given  below,  as  reported  by. 
the  gentleman  who  did  the  work  : 

1.  Son  and  subsoU,  clay 15  feet. 

2.  Blneclay 85  feet. 

8.    *'  Conglomerated  rock,'*  (had  to  drill) 2  inches. 

4.  Sand  with  water 5  feet. 

5.  Fine  clay,  tough,  hard  to  drill,  with  gravel  and  lime- 

stone pebbles ' 60  feet. 

6.  Sand  with  water 4  inches. 

Total  depth 122  feet 

This  indication  of  coal  induced  the  dcilling  of  another 
well,  situated  100  feet  distant,  towaid  the  N.E.  In  this  the 
record  was  as  as  follows,  given  by  the  same  authority  : 

1.    Sou  and  sobsoil,  clay 15  feet. 

3.  Blneclay 88  feet. 

8.    ** Conglomerated  rock'* 2  inches. 

4.  Sand  with  water,  and  pieces  of  coal. 12  feet. 

Total  depth 60  feet  2  inches. 
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When  the  drill  here  reached  the  **  conglomerated  rock," 
it  was  supposed  to  have  reached  the  <*  slate  rock/'  No.  7  of 
Ihe  previous  section.  The  amount  of  coal  in  the  sand  ot 
No.  4  was  also  enough  to  cause  it  to  be  taken  for  No.  8 
of  the  previous  section.  Hence  the*  boring  was  stopped; 
^nd  having  thus  demonstrated  the  existence  of  a  coal-bed, 
to  the  satisfaction  of  the  proprietors,  the  enterprise  was 
pushed  further  in  the  sinking  ot  a  shaft.  In  sinking  this 
shaft  water  troubled  the  workmen  so  that  at  35  feet  it  had 
to  be  abandoned. 

Three  quarters  of  a  mile  north  of  these  drills  a  shaft  was 
sunk  57  teet,  but  not  finding  the  coal  as  expected,  according 
to  the  developments  of  the  last  section  above  given,  the  ex- 
jplorers  stopped  here.  In  this  shaft  the  overseer  reports  the 
same  strata  passed  throuorh  in  the  drift  as  met  with  in  the 
first  well  drilled,  but  the  so  called  **  conglomerated  rock*' 
was  met  at  a  depth  of  45  feet.  The  sand  below  the  **  con- 
glomerated rock  *'  here  held  no  water,  but  was  full  of  fine 
pieces  of  coal.  Before  sinking  the  shaft  at  this  place  a  drill 
was  made  to  test  the  strata.  These  being  found  **all  right" 
the  shaft  was  begun.  In  that  drill  gas  was  first  met.  It 
rose  up  in  the  drill  hole,  and  being  ignited  it  filmed  up  8  or 
10  feet  with  a  roaring  sound.  The  shaft  was  so  near  the 
drill  hole  that  it  drew  off  the  gas  gradually,  allowing  the 
inteimixture  ot  more  air,  thus  preventing  rapid  burning. 
From  this  place  the  exploration  was  redirected  to  the  first 
situation,  where  another  shaft  was  begun.  This  wan  in  search 
for  the  *•  lower  rock,"  so  c»illed,  or  the  *«  slate  rock"  sup- 
posed to  overlie  the  **coa1."  Here  they  went  through  the 
same  materials,  shutting  off  thje  water  in  the  five  foot  sand- 
bed,  and  60  feet  of  fine  clay,  when  water  rose  so  copiously 
trom  the  second  sand-bed  (No.  6  of  the  first  section  given) 
as  to  compel  a  cessation  of  the  work.  In  this  shaft  were 
found  small  pieces  of  the  same  coal,  all  the  way.  These 
pieces  had  sharp  corners  and  fresh  surfaces.  The  total  d^pth 
here  was  106  feet,  and  the  water  seems  to  have  been  im- 
pregnated with  the  Bame  gas  as  that  which  rose  in  the  drill 
at  the  point  three  fourths  of  a  mile  distant.  Such  water  i» 
also  found  in  the  well  at  the  hotel  in  Freeborn.  With  sugar 
of  lead  it  does  not  present  the  reactions  for  sulphuretted 
hydrogen,  and  the  gas  is  presumed  to  be  carburetted  hy- 
drogen. 

This  account  of  explorations  for  coal  is  but  a  repetition 
of  what  has  taken  place  in  numerous  instances  in  Minnesota. 
The  Cretaceous  lignites  have  deceived  a  great  many,  aud 
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considerable  expense  has  been  needlessly  incurred  in  fruit* 
less  search  for  good  coal.  In  the  early  discovery  of  these 
lignites  some  exploration  and  experimentation  within  the  limits 
ot  the  State  were  justifiable,  but  after  the  tests  that  have 
already  been  made  it  can  pretty  confidently  be  stated  that 
^hese  liffniles  are  at  present  of  no  known  economical  value* 
This,  not  in  ignorance  of  the  fact  that  they  will  burn,  or  that 
they  contain,  in  some  proportion,  all  the  valuable  ingredients 
that  characterize  coal  and  carbonaceous  shales,  but  in  the 
light  ot  the  competing  prices  of  other  fuels,  the  cost  of  min- 
ing them,  and  the  comparative  inferiority  of  the  lignites 
themselves.  If  they  were  situated  in  Greenland  they  would 
probably  be  pretty  thoroughly  explored,  and  extensively 
mined,  and  even  there  they  would  have  a  powerful  competitor 
in  the  oil  there  in  use.* 

The  Drift. 

.  This  deposit  covers  the  entire  county  and  conceals  the 
rock  from  sight.  It  consists  of  the  usual  ingredients,  but 
varies  with  the  general  character  of  the  surface.  In  rolling 
tracts  it  is  very  stony  and  has  much  more  gravel.  In  flat 
tracts  it  is  clayey.  It  everywhere  contains  a  gireat  many 
boulders,  aud  these  are  shown  abundantly  along  the  beaches 
of*  the  numerous  lakes  of  the  county.  The  frequency  of  lime- 
stone boulders,  and  their  significance,  have  already  been 
mentioned.  Thousands  of  bushels  of  lime  have  been  mide 
from  such  loose  boulder  masses,  mainly  gathered  aboiit  the 
shores  of  the  lakes. 

In  general  the  drift  of  Freeborn  county  consists  of  a  gla- 
cier hard  pan,  or  unmodified  drift.  Yet  in  some  places  the 
uppei*  portion  is  of  gravel  and  sand  that  show  all  the  effects 
of  running  water  in  violent  currents.  The  beds  here  are 
oblique,  and  subject  to  sudden  transitions  from  one  material 
to  another.  At  Albert  Lea  the  following  section  was  ob- 
served. It  occurs  just  west  of  the  center  of  town.  It  cov- 
ers eight  feet  perpendicular,  and  eight  feet  E.  and  W« 

*  See  the  second  annual  report,  pp.  187  and  Ml. 
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Section  in  the  Drijt  at  Albert  Lea. 


1 

2 


1.  Earth  and  soil,  gravelly  below 20  Incbes. 

2.  Gravel,  nnstratlfled,  with  considerable  limestone 6  iDches. 

3.  Stratified  gratel * 18  incbes. 

4.  Begular  strata  of  coarse  gravel 2  feet. 

5.  Unstratlfled 

6.  Fine  sand,  Seen 8  fset. 

In  a  gravel  bank  at  Albert  Lea,  according  to  Mr.  William 
Morin,  the  jawbone  of  a  mastodon  was  iound,  a  number  of 
years  ago  It  was  sent  to  St.  Paul,  and  Is  supposed  to  be 
preserved. 

The  average  thickness  of  the  drift  in  Freeborn  county 
would  not  vary  much  probably  from  100  feet. 

In  the  survey  of  the  county  considerable  attention  was 
paid  to  the  phenomena  of  common  wells,  with  a  view  to 
learn  the  nature  and  thickness  of  this  deposit,  and  the  fol- 
lowing list  is  the  result  of  notes  made : 

Wells  of  Freeborn  County. 

Good  water  is  generally  found  throughout  the  county,  in 
the  drift,  at  depths  less  than  80  teet ;  but  some  deep  wells 
that  occur  within  the  Cretaceous  belt,  in  the  western  part  of 
the  county,  are  spoiled  by  carburetted  hydrogen.  This 
must  rise  from  carbonaceous  shales  in  the  Cretaceoua,  and 
indicates  the  extent  oi  that  formation.  Much  of  the  infor- 
mation contained  in  the  following  tabulated  list  of  wells  was 
obtained  of  W.  A.  Higgins,  well  borer,  of  Albert  Lea : 
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Owner's  Name. 

Location. 

S 

Kind  Of 
Water. 

Remarks. 

W.  P.  Sargent.  ... 

Sec.  29.  Albert  Lea. 

28 

Good. 

One-half  bus.  of  coal  at  26  feet. 

Geo.  Stevens 

Freeborn. 

47 

Carbnretted 

Pieces  of  coal  in  the  bine  clay. 

T.A.Soathwlck... 

it 

46 

Soft. 

44  ft.  of  water.      [28  ft.  water. 

Ezra  Stearns 

i^m.w.ofFreeVn. 

80 

Good, 

Fonnd  pieces  of  coal. 

Ezra  Steams 

»*             .» 

4% 

1  • 

tt    '^     It          11 

James  Hanson 

1  m.  nw.  of  Freeb'n. 

fiO 

Carbnretted 

tl          tt          It 

F.D.Drake 

Sec.  13,  Freeborn. 

90 

•< 

Water  stands  6  ft.  ft-om  the  tp« 

[and  gravd. 

Artesian:  at  first brging  stones 

O.U.Wescott 

Byron,  Waseca. 

94 

Soft. 

L.  C.  Taylor 

6ms.nw  Freeborn. 

96 

Good. 

Geo.  Snyder,  Jr.... 

i  ms.  nw.  Freeborn. 

61 

Carbnretted 

A.  M.  Trigg 

Alden. 

37 

t. 

Fonnd  piecoH  of  coal  in  clay. 

U.M.  Foot. 

•t 

60 

Good. 

II    '^        tt             It       * 

John  Melender.  .. 

M 

50 

«t 

tl             II             i« 

L.  C.  Taylor 

0  ms.  nw.  Freeb'n. 

96 

Carbnretted 

Artesian, 

3  ms.  ne.  Alden. 

,*8 

« 

Nearly  artesian. 
Bore  for  coal. 

Chas.A^ers 

Nw.  cor.  Freeb'n. 

126 

John  Ayers 

Trenton. 

142 

*•       '*       lost  tools. 

T.A.Soothwlck... 

Freeborn. 

86 

Carbnretted 

Bine  clay— water  in  sand  and 

J.F.Jones 

Qenova 

20 

Good. 

Water  in  qalcksand.     [gravel. 
Water  in  quicksand. 

Nelson  Kengsley.. 

»» 

IS 

Soft. 

JohnFarreU 

11 

19 

tt 

tt        ^    tt 

AOhamberlaln.... 

(I 

12 

tl 

tt             tt 

D.G.Parker 

Albert  Lea. 

n 

Good. 

Struck  gravel  below  the  bine 
In  gravel.                          [clay. 

Dr.  C.  W.  Ballard- 

ii 

38 

tt 

James  Barker 

*• 

62 

tt 

Small  bed  of  gravel  in  bloe  cUy. 

C.W.  Levins 

tl 

26 

** 

In  gravel. 

H.  Rowell 

tl 

T2 

It 

In  gravel  below  the  bine  clay. 
St'k  bl'k  clay,  no  sticks  nor  grit 
In  very  fine  bine  sandy  clay. 

W.W.  CargiU 

tl 

8ft 

Not  good. 
Good. 

Chas.  Ostrom 

*• 

30 

Lewis  Qanl 

tt 

28 

tl 

*»  Yellow  clay"  all  the  way 

H.  Rowell 

tl 

73 

ti 

TeL  and  bine  clay,  then  gravel. 
Gravel  and  sand,  water  in  q'ck- 

Col.  S.  A. Hatch... 

Sec4,  Albert  Lea. 

49 

tl 

OleKnntson 

Albert  Lea. 

34 

tt 

[sand. 

W.W.CargilL 

See.  28,  Albert  Lea. 

98 

** 

Water  in  gravel.         [on  rock. 

Geo.  Topon 

And.  Palmer 

Sec.  29,          " 

66 

No  water. 

Gravelly  clay,  fine  sandy  clay, 

It             tl 

26 

Good. 

Water  in  green  sand. 

Dr.  A  C.  Wedge... 

Sec  8. 

18 

tl        *■    tt 

W.C.  Lincoln..  .. 

Albert  Lea. 

32 

tt 

Gravel  and  sand,  then^^'kaand. 

Frank  HaU 

11 

66 

u 

Town  well. •  • 

Alden. 
Albert  Lea. 

44 

80 

tt 

Not  good. 

In  gravel. 

Drift  clay,  water  in  gravel. 

A.  W.Johnson  .... 

Bev.G.W.Preecott 

80 

"  Tastes  like  kerosene." 

Town  well 

Twin  Lake 

76 

** 

Clay  only. 

Alden. 

40 

tl 

A.  Palmer,  Jr 

Sec.  29,  Albert  Lea. 

80 

(t 

Lamp  of  coal  at  27  feet. 

In  some  wells  at  Albert  Lea  a  muck  is  struck,  and  such 
wolls  afford  a  water  that  is  unfit  for  use.  This  muck  is 
reported  to  contain  slicks,  and  is  about  38  or  40  feet  below 
ihe  surface.  It  may  indicate  a  former  bed  of  the  river,  or 
an  interglacial  marsh,  as  Mr.  James  Oeikie  has  explained  in 
Scotland.  (See  *'The  Great  Ice-Age/')  It  is  by  some 
culled  slushy  and  seems  not  to  uniformly  hold  sticks  ond 
leaves,  but  to  be  rather  a  fine  s&nd  of  a  dark  color.  The 
well-diggers  call  it  quicksand.  This  indicates  that  it  is  either 
a  bed  of  Cretaceous  black  clay,  arenaceous,  or  Cretaceous  de- 
bris. Dr.  Wedge,  of  Albert  Lea,  thinks  the  site  of  the  city 
was  once  covered  by  a  lake,  and  that  this  slush  was  its  sedi- 
njent;  and  that  the  overlying  gravel,  which  iR  about  38  ieet 
thick,  has  since  been  thrown  on  to  it  by  a  later  force,  per- 
haps by  currents.  There  is  no  doubt  that  the  overlying 
21 
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gravel  was  thus  deposited,  those  curients  being  derived  from 
the  ice  ot  a  retiiing  glacier. 

Wells  at  Geneva  urc  generally  not  over  20  feet  in  depth. 
They  also  pass  through  a  gravel  that  overlies  a  quicksand. 
This  village  is  situated  with  reference  to  Geneva  lake  as 
Albert  Lea  is  with  reference  to  Albert  Lea  lake,  botti  being 
at  the  northern  extremities  of  those  lakes.  The  pheaoniena 
of  wells  at  the  two  places  are  noticeably  similar,  and  in  the 
same  way  different  from  the  usual  phenomena  of  wells 
throughout  the  county. 

At  Albert  Lea. 

Gravel,  aboot  80  feet. 

QuicksaDd,  with  water,  sometimes  black  and  macky. 

At  Geneva. 

Gravel,  12  to  15  feet. 
Qalcksand  with  water. 

It  would  seem  that  the  history  of  the  drift  at  Albert  Lea 
was  repeated  at  Geneva.  These  villages  being  both  situated 
at  the  northern  end  of  lake  basins,  are  probably  located 
where  preglacial  lakes  existed.  On  all  sides,  both  about 
Albert  Lea  and  Geneva,  the  usual  drift  clay,  hard  and  blue,- 
is  met  in  wells,  and  has  a  thickness  of  about  100  ieet. 

Material  Resources, 

In  addition  to  the  soil,  Freeborn  county  has  very  little  to 
depend  on  as  a  source  ot  material  prosperity.  As  already 
stated,  there  is  not  a  single  exposure  ot  the  bed-rock  in  the 
county.  All  building  stone  and  quicklime  have  to  be  im- 
ported. The  former  comes  by  the  Southern  Minnesota  £. 
B.  from  Lanesboro  and  Fountain,  in  Fillmore  county,  though 
it  is  very  likely  that  the  Shakopee  stone  from  Mankato  will 
also  soon  be  introduced.  The  latter  comes  from  Iowa, 
largely,  (Mason  City  and  Mitchell),  and  from  the  kilns  at 
Mankato  and  Shakopee.  Some  building  stone  is  also  intro* 
dtlced.  into  the  eastern  part  of  the  county  from  the  Cretace- 
ous quarries  at  Austin. 

Lime* — At  Twin  Lake  three  or  four  thousand  bushelsof  lime 
have  been  burned  by  Mr.  Cartorfrom  boulders  picked  up  rouud 
the  lake  shores.  This  lime  sold  for  75  cents  per  bushel.  It 
was  a  very  fine  lime,  and   purely  white.     The  constructioo 
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of  the  railroad  put  a  stop  to  his  profits,  as  the  Shakopee  lime 
could  then  be  introduced  aud  sold  cheaper.  The  boulders  * 
burned  were  almost  entirely  of  the  same  kind  as  those  that 
are  so  numerous  in  McLeod  county.  They  are  fine,  close- 
grained,  nearly  white,  on  old  weathered  surfaces,  and  of  a 
dirty  cream  color  on  the  fractured  surfaces.  They  very 
rarely  show  a  little  granular  or  rougher  texture,  like  a  mag- 
nesian  limestone,  though  this  grain  is  intermixed  with  the  . 
closer  orrain.  They  hold  but  few  lossils.  There  are  a  few 
impressions  of  shells,  and  by  some  efibrt  a  globular  mass  of 
a  coarse  FaVositoid  coral  was  obtained. 

Besides  the  above,  which  are  distinguished  as  **  white 
limestone,"  there  are  also  a  few  bluish-green  limestone  boul- 
ders. One  of  these,  which  now  lies  near  Twin  Lake,  is 
about  7  feet  long,  by  5  or  6  feet  broad,  its  thickness  being  at 
least  2^  feet.  It  has  been  blasted  into  smaller  pieces  for 
making  quicklime,  but  nearly  all  of  it  yet  lies  in  its  old  bed, 
the  fragments  being  too  large  to  be  moved.  This  stone  is 
also  very  close-grained.  It  is  heavier  than  the  other  and 
more  evidently  crystalline.  It  holds  small  particles  of  pyr- 
ites. It  is  not  porous,  nor  apparently  bedded.  On  its 
outer  surface  it  looks  like  a  weathered  diorite,  and  it  would 
be  taken,  at  a  glance,  for  a  boulder  of  that  kind.  It  is  said 
to  make  a  very  fine  lime.  Several  hundred  bushels  of  lime 
were  formerly  burned  at  Geneva. 

Brick. — At  Albert  Lea  the  following  persoas  make  brick : 
Geoige  Broughton,  Wm.  Cook,  (G.  C.  Dillingham,)  Hub- 
bell  Manly,  (one  and  a  half  miles  N.  of  Albert  Lea;  has 
made  none  in  four  years.)  These  all  make  what  is  known 
as  *'  slop  brick,"  i.  e.,  they  handle  and  dry  them  after  mix- 
ing in  water,  without  the  use  of  sand.  The  latter  method 
(with  sand)  is  much  quicker  and  pleasanter,  but  in  the  use 
of  the  brick  there  is  not  much  choice  between  the  methods. 
At  Bough  ton's  the  brick  are  red.  The  clay  u&ed,  which  is 
about  five  feet  below  the  surface,  is  fine  and  of  a  yellowish 
ashy  color.  It  is  underlain  by  gravel.  The  clay  itself 
locally  pa:3ses  into  a  sand  that  looks  like  **  the  bluff."  At 
other  places  it  is  a  common,  fine  clay-loam,  with  a  few  gravel- 
stones.  There  is  bui  little  deleterious  to  the  brick  in  the 
clay,  although  some  of  the  brick  aie,  on  fractured  surfaces, 
somewhat  spotted  with  poor  mixing,  and  with  masses  of 
what  appears  like  concretions.  The  clay  itself  is  apparently 
massive,  but  it  is  really  indistinctly  bedded,  rarely  showing 
a  horizontal  or  oblique,  thin  layer  of  yellow  sand.  Mr. 
Boughton  sells  brick  at  ten  or  twelve  dollars  per  thousand. 
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His  yard  has  only  been  ruaning  the  past  summer,  but  has 
turned  out  200,000.  They  have  been  used  in  Albert  Lea, 
and  by  the  farmers  around.  Oak  wood  costs  from  five  to 
six  dollars  per  cord. 

The  yard  of  Mr.  Cook  also  furnishes  red  brick.     Ho  uses 
the  same  stratum  of  fine  clay  overlain  by  the  same  yellowish 
sandy  clay  or  loam.     The  clay  here  shows  to  better  advan- 
tage and  is  plainly  bedded.     It  contains  sticks,  the  largest 
observed  being  a  lilttle  over  half  an  inch  in  diameter.    These 
sticks  are  plainly  endogenous  in  cellular  structure,  but  have 
a  bark.     They  are  not  oxydized  so  as  lo  be  brittle,  but  are 
flexible  still,  with  small  branches  like  rootlets  hanging  to 
them.     It.  is  uncertain  whether  they  belong  to  the  deposit, 
or  are  the  roots  of  vegetation  that  grow  on  the  surface  smce 
the  drift.     There  are  no  boulders  of  any  size  in  the  drift 
just  here ;  but  a  few  granitoid  gravel-stones.     The  aspect 
generally  indicates  that  this  clay  has  a  local  ch  iracter  largely, 
but  no  outcropping  beds  can  be  found  in  the  neighborhood. 
Mr.  Cook  has  made  this  year  (1874)  250,000  brick.     The 
yard  has  been  running  five  years.     Brick  here  sell  for  $1.30 
per  hundred  as  they  come  from  the  kiln,  or  $10.25  per 
thousand.     Hard  brick  from  the  arch  sell  at  $1.50  per  hun- 
dred.    The  brick  here  seem  to  show  a  little  more  lime,  but 
they  are  well  made  aud  well  burned. 

Brick  was  formerly  made  at  Geneva,  and  at  a  point  about 
2^  miles  east  of  that  place.  At  Geneva  the  clay  was  taken 
from  the  bank  of  Allen  creek,  about  18  inches  below  the 
surface.  It  was  %  drift  clay,  with  small  pebbles.  That 
used  2^  miles  east  of  Geneva  was  of  the  same  kind.  In 
both  places  sand  had  to  be  mixed  with  the  clay.  Abjut 
Geneva  sand  is  abundant,  taken  from  the  gravel  and  sand 
knolls,  and  from  the  banks  of  the  creek. 

Peat. — In  Fieeborn  county  there  is  an  abundance  of  peat. 
The  most  of  the  marshes,  of  which  some  are  large,  aro  peat- 
bearing.  In  this  respect  the  county  diflers  very  remarka- 
bly from  those  iu  the  western  poition  of  the  same  tier  of 
counties  which  were  specially  examined  for  peat,  in  the  sea- 
son of  1873,  and  which,  being  entirely  destitute  of  native 
trees,  are  most  in  need  of  peat  for  domestic  fuel. 

The  peat  ot  the  county  is  generally  formed  entirely  of 
herbaceous  plants,  though  the  marshes  are  often  inthe  midst 
of  oak  openings.  The  peat- moss  constitutes  by  far  the 
larger  portion.  There  is  no  observed  difference  in  peat-pro- 
ducing qualities  between  the  marshes  of  the  prairie  districts 
aud  those  of  the  more  rolling  woodland  tracts  of  the  county. 
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At  Alden  village,  in  the  midst  of  the  open  prairie,  the 
peat  of  a  large  marsh  rose  to  the  surface  and  floated,  when, 
ior  certain  purposes,  the  marsh  was  flooded.  The  water 
DOW  stands  ten  feet  deep  below  the  floating  peat,  which  is 
about  three  feet  thick. 

At  Freeborn  peat  is  now  being  taken  out  on  John  Scovili's 
land.  Here  it  is  eight  feet  thick,  two  rods  from  the  edge, 
aud  it  is  probably  much  thicker  toward  the  center  of  the 
marsh.  That  below  the  surface  of  the  water  now  standing 
in  the  drain  is  too  pulpy  to  shovel  out;  and  after  being 
dipped  out  and  dried  on  board^«  it  is  cut  into  blocks  and 
hauled  to  town.  That  above  the  water  is  more  fibrous,  and 
can  be  taken  out  with  a  spade  in  convenient  blocks.  Yet 
the  level  of  the  water  varies,  and  that  datum  is  not  constant. 
It  appears  as  if  there  were  here  a  atratum  of  more  fibrous 
peat  that  separates  from  the  lower,  about  20  inches  thicks 
and  floats  above  it  at  certain  times.  In  the  peat  at  this 
place  a  sound  Elk  horn  was  taken  out  at  the  depth  of  6  feet. 

There  is  a  large  peat  marsh  in  sec.  11 ,  Hay  ward,  owned 
by  non-residents. 
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REPORT  ON  IHE  GEOLOGY  OF  MOWER 
COUNTY. 


Situation  and  Area. 


This  county  borders  on  the  State  of  Iowa.  It  is  bounded 
west  by  Freeborn  county,  north  by  Dods:e  and  Oimstedi 
and  east  by  Fillmore.  It  has  Mitchell  county  on  the  south, 
in  Iowa.  Its  shape  is  very  nearly  that  of  a  rectangle,  (5 
towns  east  and  west,  and  4  towns  north  and  south),  but  it 
lacks  the  northern  line  of  sections  in  the  northeast,  across 
two  towns.  These  sections  were  set  off  to  Olmsted  county 
when  Austin  was  made  the  county  seat.  It  has,  therefore^ 
about  708  square  miles,  or  more  exactly,  455,204.81  acres, 
according  to  the  records  ot  the  State  land  office. 

Ifatural  Drainage. 

The  Cedar  river  crosses  this  county  from  north  to  south, 
through  the  western  line  of  towns,  its  point  of  exit  being 
exactly  south  from  its  point  of  entrance.  Its  chief  tributa* 
ries  from  the  east  are  Dobbin's  creek.  Rose  creek.  Otter 
creek  and  Robert's  creek.  From  the  west  it  receives  Or- 
chard creek  and  Turtle  creek.  Thus  the  whole  of  the  west- 
ern half  oi  the  county  is  drained  into  the  Mississippi, 
'through  Iowa.  The  southeastern  portion,  also,  is  drained 
toward  the  south,  through  the  sources  of  the  Little  Cedar, 
the  Wapsipinicon  and  the  Upper  Iowa  rivers.  The  north- 
eastern portion  of  the  county  is  drained  by  the  head  waters 
of  the  Root  river  toward  the  north  and  east.  This  river 
flows  eastward  through  Fillmore  and  Houston  couuties,  into 
the  Mississippi  near  La  Crosse.  The  divide  between  streams 
lunning  north  and  those  running  south  crosses  Mower 
county  from  SE.  to  NW.   nearly  through  the  center,  and 
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includes  some  of  the  highest  land  in  that  portion  of  the  State. 
The  highest  point  in  the  county,  on  the  Southern  Minne- 
sota R.  R.,  is  in  Sec.  13,  T.  103,  R.  16  W.,  and  that  is 
738  feet  above  Mississippi  at  Orand  Crossing,  or  1352  feet 
above  tide  water. 

These  streams  are  all  small,  and  some  of  th^m  become  ^ 
nearly  dry  during  the  summer.  Some  of  them  furnisb 
water  power  at  a  number  of  places.  This  has  been  im- 
proved on  the  Upper  Iowa  at  Le  Roy,  and  on  the  Cedar  at 
Ramsey,  Austin,  and  at  several  places  below  Austin,  in  the 
construction  of  flouring  mills. 

Suffaie  Features.  . 

The  county  is  distinctively  one  of  prairie,  yet  has  a  con- 
siderable timber  along  the  streams.  This  \%  particularly  the 
case  along  the  Upper  Iowa  in  the  southeastern  part  of  the 
county,  along  the  eastern  tributaries  of  the  Root  in  Frank- 
ford,  and  along  the  Cedar  crossing  the  whole  width  of  the 
county.  There  is  also  an  important  tract  of  timber  in 
Nevada  township.  The  highest  portions  of  the  county  are 
entirely  destitute  of  trees.  They  consist  of  a  wide  expanse 
of  undulating  prairie.  The  southern  towns  of  Lyie,  Nevada 
and  Adams  may  be  characterized  as  flat.  The  same  is  true 
of  the  most  of  the  supposed  Cretaceous  area.  The  summit  of 
the  principal  NW.  and  SE.  watershed  is  formed  by  the  Lower 
Devonian,  with  the  strike  of  which  it  substantially  cor- 
responds. Toward  the  east  from  this  summit  the  valleys 
of  the  stream's  running  in  that  direction  have  been  deeply 
cut  out,  yet  not  revealing  any  rock.  They  are  wide,  and 
their  natural  scenery  is  often  very  fine,  as  the  view  of  the 
low  expanse,  wooded  more  or  less,  first  appears  before  the 
traveler.  The  western  portion  of  the  county  is  considera- 
bly below  the  central  and  eastern.  This  is  owing  to  the 
valley  of  the  Cedar,  the  efiSsct  of  which  is  felt  over  a  wide 
belt,  in  depressing  the  general  level.  The  following  points 
of  elevation  above  the  ocean  are  derived  from  the  profile  of 
the  Southern  Minnesota  R.  R.  by  O.  D.  Brown,  Engineer : 

Grand  Meadow,  (Sec.  14,  T.  108,  R.  15) 1825  feet. 

Sec.  18,  T.  108,  B.  IG 1402  feet. 

Ramsey,  TGrade  of  the  MUwankee  ft  St.  Paol  R.  R.) 1288  feet.* 

Hayward  • 1240  feet. 

^  In  the  report  for  187S  thie  orotilag  le  glren  at  693  feet  abore  the  Mlas.  R.  at  La  OioeM.  the 
dalnm  line  of  the  8.  M.  B.  R.  on  the  authority  of  Chief  Engtaierr  H.  W.  HoUcy.  Adding  0U 
feet  mahca  1907  feet  for  lu  bight  abore  the  ooean. 
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The  following  were  derived  from  the  Milwaukee  and  Sc. 
Paul  R.  B.  through Angst,  Chief  Engineer : 

Madison 1127  feet. 

Bamsey •••••     1098  feet 

Lyle 1075  feet. 

.  The  following  minutes,  touching  the  surface  features,  are 
based  on  an  examination  of  the  township  plats  of  the  gov- 
ernment surveyors,  on  record  in  the  land  of&oe.  The  county 
was  surveyed  in  1853.  There  is  not  a  lake  of  any  impor- 
tance in  the  county,  and  but  few  marshes. 

LtRoy.    (101,14)— East  half. 

The  Upper  Iowa  river  crosses  diagonally  the  southern 
portion  of  this  town,  and  introduces  a  belt  of  undulating 
and  mora  or  less  timbered  land,  about  two  miles  in  width. 
Some  of  the  thickets  are  very  dense,  but  generally  the  tim- 
ber is  scattering.  The  remainder  of  the  town  is  prairie, 
with  a  large  slough  covering  portions  of  sees.  5  and  8. 
There  is  a  '* second  bottoms"  noted  in  sec.  18,  and  John 
Priest's  house  in  sec.  36.     Mas:netic  Variation  9^  12^  to  10^. 


"O" 


Bennington.     (102,14.) 

In  the  center  of  this  town  is  one  of  the  sources  of  the 
Boot  river,  a  y- shaped  slough,  with  an  outlet  toward  the 
east.  The  whole  town  is  prairie.  Mag.  Var.  8^  15'  to  12^ 
30^,  the  former  in  sec.  6,  the  latter  in  sec.  3. 

Frankford.     (108.14.) 

This  town  is  about  equally  divided  between  prairie  and 
openings,  the  former  being  the  SW.  portion  and  the  latter 
the  N£.  portion.  The  timber  is  generally  small,  and 
often  scattering.  There  is  a  marsh  in  sec.  9,  and  settle- 
ment was  begun  in  N£.  corner  of  sec.  1.  Mr.  L  Patchin, 
of  Frankford,  was  one  of  the  firdt  settlers.  Mag.  Var.  7^ 
(in  sec.  7)  to  12"  15'  (in  sec.  36.) 

Racine.     (104,14.) 

There  is  a  belt  of  openings,  and  undulating  land  along 
the  southern  line  of  this  town,  caused  by  the  tributaries  of 
the  Root  river,  and  other  areas  of  sparse  timber  and  brush  in 
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sees.  10,  8  and  7,  but  the  greater  portion  is  of  prairie.  It 
contains  but  ?ittle  marsh.  Var.  6^  5V  to  11^  15^  Mr.  J. 
McQuillan  was  the  earliest  settler  in  Racine.  The  same 
year  Mr.  L.  Patchiu  settled  at  Frankford  and  laid  out  the 
village. 

Le  Roy,     (101,15)— West  half. 

This  town  consists  almost  entirely  of  prairie.  The  Up- 
per Iowa  river  iu  the  eastern  portion  introduces  some  diver- 
sity  of  surface,  and  some  timber.  There  is  also  a.small  area 
of  similar  land  in  the  NW.  corner  of  the  town.  The  head- 
waters of  the  Wapsipinicon  are  in  sec,  32,  and  drain  a  long, 
narrow  marsh,  that  extends  two  miles  further  north.  The 
most  of  this  town  is  prairie  land.  Mag.  Var.  8^  34'  to  9^ 
SO'. 

Clayton.     (102,15.) 

This  is  a  high  prairie  town»  the  drainage  from  it  being  to 
the  SW.,  SE.,  and  NE.     Mag.  Vai\  7^  39'  to  9^  7/. 

Grand  Meadow.     (103,15.) 

This  township  is  all  prairie.  There  is  a  slough  with  some 
standing  water  in  sees.  17  and  20.  Several  of  the  high 
tributaries  of  Boot  river  drain  the  eastern  portion,  introduc- 
ing but  little  diversify  of  surface.  Mag.  Var.  7^  35.  to  8^ 
25'. 

Pleasant   Valley.     (104,15.) 

Except  very  small  areas  in  the  NE.  and  N W.  corners  of 
this  town,  it  is  entirely  taken  up  with  excellent  prairie  land. 
Those  exceptions  are  small  tracts  of  undulating  and  brushy, 
or  sparsely  timbered  land«  along  the  tributaries  of  the 
north  fork  of  Koot  river.     Var.  7°  50'  to  «o  55'. 

Adams.     (101,16.) 

Through  the  central  and  northeastern  portions  of  this  town 
run  the  headwaters  of  one  of  the  tributaries  of  the  Cedar 
river,  causing  a  belt  of  diversified  country,  widening  to  the 
north,  and  spreading  into  the  northeastern  part  of  the  town. 
On  the  east  and  west  of  this  belt  is  prairie  land.  Mag.  Var. 
8^  43'  to  10^  5'. 
22 
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AfarahalL    (102,160 

In  the  Dorthwesteru  portion  of  this  town  Rose  creek  in- 
troduces the  usual  variety  of  surlaco  attending  drainage  val- 
leys. Other  areas  of  the  same  arc  in  sees.  34  and  36.  The 
rest  is  prairie.     Mag.  Var.  7^  53'  to  9°  15^ 

Dexter.     (103,16.) 

The  southern  part  of  this  town  is  diversified  ]  by  Soae 
creek,  otherwise  it  is  a  prairie  with  drainage  to  the  N.  and 
W.    Var.  70  25'  to  8^  S(y. 

Sargent.     (104,16.) 

This  is  of  prairie,  except  in  the  eastern  portion,  where  the 
vaDey  of  one  of  the  upper  tributaries  of  Root  river  causes  an 
undulating  belt  with  some  timber.  This  belt  runs  N£., 
and  is  about  a  mile  wide.     Var.  7°  47'  to  8°  55'. 

I^evada.'  (101,17.) 

This  town  is  mainly  prairie,  perhaps  one-fifth  of  the  whole 
area,  situated  in  the  southwef-lern  quarter,  being  openings, 
and  more  undulating.     Var.  7°  3i'  to  9°  45'.  Ijaii^         ^ 

Windom.     (102,17.) 

The  southern  and  central  portions  of  this  town  are  prairie 
— a  wide  strip  along  the  west  side,  and  a  narrow  one  along 
the  eastern,  being  more  wooded.  Rose  creek  crosses  it 
from  NE.  to  SW.  It  contains  no  lakes  nor  marshes.  Var. 
70  24'  to  100  6'. 

Hedrock.     (103,17.) 

The  eastern  half  of  this  town  is  prairie,  the  western  half 
openings,  with  small  timber  and  brush.  Mag.  Var.  7^  9'  to 
8^  59'. 

Wallham.     (104,17.) 

This  town  is  mainly  prairie,  the  only  exception  being 
about  the  streams  in  the  SW.  quarter  Mag.  Var.  7^  35'  to 
8^  35'. 
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Lyle.     (101,18.) 

This  township,  being  crossed  by  the  Cedar,  enjoys  all 
the  variety  of  soil  and  surface,  as  well  as  the  timber  which  * 
Qoiformly  accompany  the  principal  drainage  courses.  A 
belt  of  timber  along  the  east  side  of  the  Cedar  crosses  the 
center  of  the  town  from  north  to  south  about  a  mile  in 
width.  The  prairie  on  the  west  side  runs  to  the  very  river. 
A  wet  meadow,  or  slough*  occurs  in  sections  8  and  17,  and 
another  in  sec.  2/    Mag.  Var.  6^  57'  to  9^  54'. 

Austin.     (102,18.) 

The  western  half  of  this  town  is  prairie  reaching  up  to 
the  river.  The  caster j  half  is  more  wooded  and  broken. 
There  is  also  a  patch  of  prairie  in  the  SE.  corner  south  of 
Rose  creek.  Dobbin  and  Nichols  were  early  settlers  in  the 
SE.  corner.  According  to  Mr.  Patchin,  of  Frankford,. 
Leveridge,  was  the  earliest  settler  at  Austin.  Mag.  Var. 
e-^  57'  to  9^  42'. 

Lansing.     (103,18.) 

There  is  a  small  area  of  prairie  in  the  northern  part  of  this^ 
town,  but  the  most  of  it  when  surveyed  was  taken  up  with 
openings  with  scattered  trees  and  brush.  In  the  SW. 
quarter  of  the  town  is  a  long  marsh  drained  into  the  Cedar. 
It  is  about  three  miles  in  length  and  a  quarter  of  a  mile 
wide  running  SE.     Mag.  Var.  7**  9'  to  8^  40' 

Udolpho.     (104,18.) 

A  belt  of  undulating*  and  more  or  less  timbered,  land 
crosses  this  town  from  N.  to  S,  accompanying  the  east  shore 
of  the  Cedar  river.  It  is  about  two  miles,  in  width,  iocreas- 
log  to  four  miles  in  the  north.  A  small  area  of  similar  land 
is  found  covering  piirtions  of  sections  30,  31,  and  32.  An 
important  marsh  also  occurs  in  sees.  27  and  34.  Var.  7^ 
35' to  9^  26'. 

8oil  and  lumber. 

The  soil  of  Mower  county  is  everywhere  dependant  on  the 
nature  of  the  drift.  The  underlying  rock  has  only  affected 
it  so  far  as  it  may  have  mingled  with  the  general  mass.     It 
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is  hence  primarily  a  gravelly  clay,  that  being  the  character 
of  the  subsoil  throughout  the  county.  This  gravelly  clay, 
however,  is  not  now  prominently  displayed  as  the  immediate 
soil  of  the  surface.  Indeed  the  farmer  in  plowing  rarely 
penetrates  to  it.  It  lies  below  a  rich  loam  usually,  at  depths 
varying  from  zero  to  two  or  three  feet«  or  even  more.  The 
surface  itself,  which  has  resulted  from  it  through  the  agency 
of  the  forces  of  the  atmosphere  and  of  vegetation,  is  ot  a 
dark  color,  and  in  general  may  be  designated  a  clayey  loam, 
or  a  sandy  loam,  depending  on  the  nature  and  completeness 
of  the  local  drainage.  In  low  grounds  this  loam  is  thick 
and  of  a  dark  color.  It  is  also  apt  to  be  more  clayey  in  low 
ground  than  it  i?  on  the  hillsides  or  slopes  adjoining:  and  on 
high  hills  or  steep  slopes  it  is  thin  or  wanting,  the  wash  of 
ihe  surface  having  carried  it  into  the  valleys.  Along  streams 
it  olten  consists  of  an  arenaceous  loam,  variously  mingled 
with  the  detritus  of  the  flood  plain. 

The  soil  of  the  county  is  everywhere  characterized  by  the 
strength  and  fertility  that  the  drift  soils  of  the  northwest  are 
noted  for.  They  are  the  most  reliable  soils  for  all  the  pur- 
poses of  the  farmer  that  are  known.  The  states  that  are 
regularly  and  deeply  buried  in  drift  deposits  are  known  as 
the  best  farming  states  of  the  Union.  Certain  rock  soils, 
endowed  with  unusual  special  qualities,  may  excel  in  the 
])roduction  of  certain  crops,  especially  in  favorable  seasons, 
but  for  general  tillage  they  cannot  compete  with  the  homo- 
geneous drift  soils,  through  which  are  disseminated  the  good 
qualities  of  the  various  rocks  concerned  in  their  production, 
in  the  proportions  that  make  stability  and  diversity  equally 
certain. 

In  the  examination  of  the  county  the  native  varieties  ot 
trees  and  shrubs  were  noted,  and  the  following  list  com- 
prises the  species  that  were  seen.  In  respect  to  the  trees  it 
is  probably  nearly  complete  for  the  county,  but  there  are, 
doubtless,  other  species  of  shrubs  : 

Trees  and  Shrubs  of  Mower  County. 

Burr  Oak.    Quercus  macrocarpa.    Michx, 

Red  Oak.    Quercus  rubra.    L,    (Not  fully  identified.) 

Aspeu.    Populus  tremuloides.    Michx, 

American  Elm.    Ulmus  Americana.    (PL  Clayt.)  Wild. 

Different  species  of  Willow.     Salix. 

Hazelnut.    Corylus  Americana.     Walt, 

Sumac.    Rhus  glabra.    L, 

Ironwood.    Osirya  Vlrginica.     WUld. 

Bass.    Tilia  Americana.    L, 
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Elder.    Sambacas  Canadensis.    X. 

Wolf  berry.    Symphoricarpus  occldentalls.    B.  Br. 

Prickly  Gooseberry.    Rlbes  Cynosbati.    L. 

Coroel.    Comas  (sp.  ?)  • 

American  Crab.    Pyrus  coronaria.    X. 

Red  Osier  Dogwood.    Cornas  stolonifera.    MicJiz, 

Alder.    Alnas  incana.     WUld, 

Cottonwood.    Popnlus  monilifera.    AU. 

Thomapple.    Crataegus  cocclnea. 

Wild  Flam.    Pranas  Americana.    Marsh. 

Black  Ctierry.    Praous  scroti  na.    Ehr. 

Frost  Grape.    Vitls  cordlfolla.    MicJix. 

Bittersweet.    Celastras  scandens.    L. 

Black  Carrant.    Kibes  floridam.    L. 

Wild  Rose.    Rosa  blanda.    Ait. 

Cocks  par  Thorn.    Crataegus  crus-galll.     L* 

White  Ash.    Fraxinas  Americana.    L. 

Shag-bark  Hickory.    Carya  alba.    NuU. 

[Ac  Lansing,  and  in  the  valley  of  the  Cedar,  one  foot  In  diani« 
eter.] 
Sugar  Maple.    Acer  saccharlnum.     Wang. 
Bittemut.    Carya  amara.    NtUt. 
Butternut.    Juglans  cinerea.    L. 
White  Pine.    Pinus  Strobus.    L. 

[Along  the  rocky  banks  of  the  streams  in  the  eastern  part  of  l\nj 
county.] 
Slippery  Elm.    Ulmus  fUlva.    Michx. 
Black  Ash.    Fraxinus  sambucifolia.    Lam. 
High  Bush  Cranberry.    Vtburnuin  Opuius.    X. 
High  Blackberry.    Rubus  villosus.    AU. 
Cedar.    Juuiperus  Vlrginiana.    L, 

T/ie  Geological  Structure. 

Of  the  older  rocks  the  lower  portioa  of  the  Devoaian  and 
the  up|>er  portion  of  the  Siluriau  are  found  within  the 
county  dipping  towavdrt  the  southwest.  The  western  por- 
tion of  the  county  is  known  to  be  immediately  underlain  by 
the  Lower  Cretaceous,  without  ascertainable  eastern  limits. 
The  accompanying  geological  map  of  the  county  exhibits 
the  areas  ot  these  tbrmations  as  nearly  as  can  be  judged  by 
the  data  known.  The  i-ock  is  nearly  every  where  hid  by 
the  drilt  and  for  that  i*eason  the  actual  positions  of  the  bound- 
aries are  unknown.  It  is  quite  possible,  indeed  probable, 
that  the  Cretaceous  area  extends  further  east,  with  a  broken 
and  very  tortuous  eastern  boundary.  It  occurs  in  counties 
further  east.  In  regard  to  the  separation  between  the  lime- 
stones of  the  Lower  Devonian  and  the  Upper  Silurian,  none 
has  yet  been  discovered.  It  is  simply  known  that  a  vast 
limestone  formation,  the  upper  pai-t  of  which  lies  under  Kree- 
born  county  iiext  on^the-west,  extends  also  under  Mower, 
and  appears  conspicuously  along  the  banks  of  the  streams 
in  the  eastern  portion.     No  characteristic  fossils  tiave  yet 
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been  Been  in  it  in  Mower  county,  but  those  that  characterize 
4  he  Hamilton  were  scon  in  it  near  North  wood  in  Iowa.   The 
limestone  seen  at  Le  Boy  is  lithologically  different  from 
that  which  occurs  at  Franktord  and  resembles  the  Hamilton 
seen  at  Northwood.     While  lithological  distinctions  are  not 
reliable  always,  especially  after  long  intervals,  yet  at  pres- 
ent this  is  the  only  reason  known,  so  far  as  Mower  county 
is  concerned  for  sepaiating  that  at  Fraukford  from  that  at 
liC  Boy.     In  Ohio  and  Illinois  there  is  an  arenaceous  forma- 
tion (the  Oriskany)  between  the  Devonian  limestones  and 
the  Silurian,  and  it  distinctly  marks  that  horizon.     While 
in  the  lower  Devonian  some  arenaceous   layers  have  been 
observed  in  Iowa,  the  Oriskany  has  not  been   indentified 
there,  and  probably  it  cannot  be  depended  on  in  Minnesota 
to  mark  the  separation  between  the  Upper  Silurian  and  the 
Devonian.     In  the  absence  of  good  exposures  of  these  lime- 
stones in  the  county,  it  is  only  possible  to  lay  down  approx- 
imately the  boundary  line  between  them,  and  that  is  all  that 
has  been  attempted  on  the  accompanying  map. 

The  Cretaceous. 

The  principal  exposures  of  the  Cretaceous  arc  found  in  the 
valley  of  the  Cedar,  at  Austin,  and  from  there  to  the  state 
line.  The  quarry  of  Simon  Alderson,  at  Austin,  is  in  the 
left  bank  of  the  Cedar,  and  exposes  about  20  feet  of  the 
bedding.  Much  of  the  stone  is  broken  and  disturbed,  and 
lies  in  tine  clay  which  seems  to  have  been  jammed  into  all 
the  cracks  and  other  openings  in  the  rock.  The  beds  here 
show  sudden,  broken-down  places,  in  which  this  clay  is 
deposited  instead,  the  rock  being  wanting  for  three  or  four 
feet  horizontally.  The  stone  is  much  more  entire,  and  uni- 
form in  all  its  characters  at  greater  depths,  some  slabs  five 
and  six  feet  long,  by  three  feet  wide,  and  three  or  four 
inches  thick  being  taken  out.  These  have  a  very  even, 
fine  grain,  and  a  handsome  blue  color.  This  stone  is  in  its 
natural  color,  light  blue,  and  that  color  shows  on  most  of 
the  quarried  blocks  about  the  heart  of  the  bedding;  and  on 
deep  quarrying  it  would  doubtless  show  only  a  blue  color. 
Yet  the  stone  seen  about  the  city  is  very  generally  of  a  buff 
color,  to  the  depth  of  half  an  inch  to  three  mches,  depending 
on  the  amount  of  weathering  and  oxydation.  The  thinner 
beds  are  altogether  changed  to  that  color.  The  presence  of 
occasional  concretionary  iron*8nd-mud  balls  cauttes  a  rusty ' 
stain  of  a  yellow  color  over  the  surface  of  many  of  the  slabs. 
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These  concretionary  balls  fall  out,  or  dissolve  out,  when  in  the 
water,  and  leave  cavities  which  become  larger  stilL  Besides 
these,  which  are  not  common  in  the  compact  portion  of  the 
stone,  but  are  oftenest  seen  among  its  thin  beds,  there  are 
also  cavities  disclosed  by  the  fracture  of  the  homogeneous 
thick  beds.  These  are  sometimes  perfectly  empty,  but  often 
contain  loose,  friable  matter,  easily  picked  out,  but  not 
differing  in  color  or  grain  from  the  ma^s  ot  the  rock.  At 
other  times  such  cavities,  revealed  on  the  fracture  of  the 
stone  are  lined  with  a  perfect  coating  of  drusy  crystals  which 
are  white,  and  as  hard  as  quartz,  though  sometimes  covered 
with  iron-rust,  so  as  to  present  a  red  or  black  exterior.  The 
texture  ot  the  stone  itself  is  usually  close,  and  the  grain  is 
homogeneous.  Some  large  slabs  and  blocks  rre  sawn  for 
bases  to  tombstones,  and  worked  down  to  a  very  smooth 
surface.  It  is  more  safely  sawn  to  any  desired  dimension 
than  cut  or  broken,  since  it  fractures  treacherously ;  yet  it 
is  not  in  the  least  crystalline.  Its  aspect  at  a  distance  is 
that  of  a  fine-grained  sandstone ;  yet  it  contains  no  apparent 
grit.  It  is  su  soft  that  it  can  be  cut  without  difficulty,  ap- 
pearing much  like  an  unusually  indurated  blue  shale,  but  it 
hardens  in  use  and  becomes  a  very  enduring  and  useful  ma- 
terial for  building.  It  contains,  but  very  sparinglv  a  few 
molluscous  fossils,  too  much  absorbed  to  be  identified,  though 
one  has  the  general  form  ot  a  Qryphaea.  This  de9cription 
of  the  stone  applies  equally  well  for  the  stone  taken  out  at 
other  quarries  further  down  the  valley,  as  mentioned  below. 
In  the  vicinity  of  Mr.  Alderson's  quarry,  perhaps  fifty 
rods  distant,  and  about  14  feet  higher,  this  stone  was  struck 
io  making  an  excavation  for  the  erection  of  a  brewery.  It 
here  rose  within  two  or  three  feet  of  the  surface.  Tne  beds 
were  thin,  broken,  and  of  a  buff  color.  Enough  stone  was 
here  obtained,  in  the  excavation  of  a  small  vault,  tor  the  ma- 
sonry appertaining  to  the  brewery.  The  rock  was  here 
overlain  by  the  following  section  of  clays. 

No.  1.    Black  sandy  loam  and  soU 2to4feet. 

No.  2.    Band  of  red  and  variegated  compact  clay 6  in.  to  4  feet. 

No.  3.    YeUow  ocheroQS  band  of  clay 6  in.  to  4  feet 

The  superposition  of  these  bands  ot  clay  is  not  so  regular 
as  indicated  by  the  foregoing  section  :  occasionally  No.  3  is 
broken  through  or  is  wanting,  and  No.  2  lies  on  the  rock,  or 
passes  down  into  its  crevices.  Yet  No.  3  is  generally  the 
first  over  the  rock.  They  vary  in  thickness  and  swell  out 
In  shapeless    masses  ot   hard  clay.     Such  hard  masses  are 
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seen  sometimes  to  embrace  bits  of  angular  earthy  rock, 
much  like  ochre,  varyiug  in  color  from  a  dark,  burnt-umber 
color  to  a  lighter  shade,  even  to  buff,  and  appearing,  when 
of  a  lighter  color,  much  like  the  mass  of  No.  3.  They  can  be 
scratched  easily  wiih  a  knife,  and  however  black  they  may 
be  they  give  a  red  haematite  streak.  When  they  are  faded 
the  streak  also  fades  into  a  brown  or  yellowish  brown  like 
limonite.  Intermingled  very  irregularly  with  No.  2  and 
sometimes  also  with  No.  3  are  masses  of  greenish  clay  which 
has  in  every  other  respect  the  same  outward  characters  as 
No.  2.  There  are  here  also  large  crystalline,  detached 
masses  ol  apparently  a  siliceous  limestone  which  is  very 
hard  and  close-grained.  In  some  cases,  however,  this 
varies  to  a  porous  and  nearly  white  limestone  that  appears 
to  be  very  pure.* 

At  Austin  angiospermous  leaves  weie  obtained  from  this 
stone  in  the  digging  of  a  well  by  Mr.  L.  G.  Basford.  After 
passing  through  soil  and  loam  three  or  four  feet,  and  clay 
about  20  feet,  the  rock  was  struck  and  penetrated  by  remov- 
ing the  upper  layers,  a  thickness  of  about  eight  feet.  Two 
species  of  fossil  leaves  were  found  in  the  layers  thus  entered^ 
One  appears  like  Ficus  primordialis.  Hr.,  as  figured  in 
^^Les  Phyliiles  Creiaceea  du  Nebraska  par  M.  M.  les  prof. 
J.  Oapelini  et  O.  Heet^^*  and  the  other  is,  according  to  Dr. 
J.  IS.  Newberry  to  whom  a  protographtc  copy  was  submitted, 
probaby  a  species  of  Sequoia^  a  gymnosperm  of  the  pine 
family  known  as  **  Redwood.  " 

At  the  mill  of  J.  Gregson,  about  two  miles  below  Austin, 
a  great  deal  of  stone  has  formerly  been  taken  out,  but  now 
the  quarries  of  that  neighborhood  are  nearly  all  flooded  by  the 
water  of  the  dam.  The  chief  quarry  was  just  above  the 
present  site  of  the  mill  and  near  the  dam  on  the  left  side, 
though  just  below  the  dam  the  rock  shows  on  both  sides  and 
has  also  been  wrought.  At  this  point  Rosenberry  and 
Miner  have  a  quarry  on  the  right  banks,  and  a  perpendicu* 
lar  bluff  of  the  beds  occurs  near  the  roadside,  below  the 
mill  on  the  left  bank.  The  exposed  section  at  Rosenberry 
and  Miner's  is  as  follows,  in  descending  order : 

*  In  oonneottoD  with  tbli  deierlpllon  of  Umeftone  mtnen,  it  is  intereitlDg  to  note  the  oceur- 
renoo  at  8t.  OhAtlei,  Winona  Ooantj,  of  hard  lUiceooB  limestone  matsei  on  the  eorfaoe  of  tht 
ground,  appearing  vtrj  mnch  like  thoie  embraced  in  this  clay. 

The  reader  is  alio  referred  to  the  Qwlogioal  Report  on  the  KoBplorcttion  of  the  Siaet 
HilU  under  Gen,  ff.  A,  Cutter,  in  1874  for  farther  information  on  the  distribution  of  foreign 

1  In  Dakota. 
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No.  1.    Black  loamy  soil 7to8f)9et. 

No.  2.    Loose  Aragments  of  the  underlying  beds  and  clay 

mixed 8  feet. 

No.  8.    Heavy  stone  like  that  described  at  Austin,  clay  fill* 

Ing  the  open  planes  and  Joints 10  to  12  feet. 

No.  4.    Rnsty  bituminous  films i  to  1  inch. 

[On  the  authority  of  the  owners  of  this  quarry  to 
this  section  may  be  added  the  following :] 
No.  0.    Limestone,  filled  with  shells,  blue,  contains  flint, 

makes  lime,  penetrated « 2  feet. 

The  bedding  of  No.  3  is  here  broken  in  a  manner  similar 
to  that  of  Alderson's  quarry  at  Austin.  The  corners  and 
angles  of  the  beds  are  replaced  by  clay  and  the  color  of  the 
Btone  is  changed  from  blue  to  buff  or  drab,  to  the  depth  of 
about  two  inches. 

Some  years  ago  the  rock  was  worked  by  Dr.  Bams,  of 
Austin,  about  half  a  mile  above  Gregson's  mill.  This  quarry 
is  now  almost  entirely  flooded  by  the  dam.  The  abutments 
of  the  upper  bridge,  at  Austin,  came  from  this  *quarry,  in 
part.  Judge  Ormanzo  Allen  owned  a  quarry  still  above 
Bams'  that  was  also  considerably  flooded  by  the  same  means. 
The  quarry  most  worked  was  just  above  the  mill,  owned  by 
M.  J.  Woodson.  It  is  now  entirely  under  water.  Stone  is 
still  taken  out,  however,  all  along,  both  above  and  below 
Gregson's.  The  beds  at  Gregson's  show  very  nearly  the 
same  characters  as  at  Austin.  The  descent  of  the  stream  is 
over  about  fourteen  feet  of  rock,  the  layers  of  which  are 
sometimes  two  feet  or  more  In  thickness,  or  massive,  much 
like  an  indurated  shale.  In  weathering,  these  thick  beds 
are  checked  by  planes  running  mainly  horizontal,  instead  of 
perpendicular  or  diagonal.  Although  mainly  horizontal 
these  planes  are  apt  to  unite  alter  a  few  feet,  splitting  up 
the  heaviest  beds  into  wedging,  lenticular  masses.  Some 
parts  are  here  plainly  calcareous,  affording  traces  of  fossil 
remains  that  have  the  appearance  of  brachiopoda.  These 
portions  are  porous  as  it  by  the  absorption  of  iossils. 

Mr.  M.  J.  Woodson  now  works  a  quarry  about  i  mile 
above  Gregson's  mill,  some  distance  from  the  river,  pump- 
ing by  windmill  the  water  out  of  a  slough  in  which  the 
beds  are  exposed.  A  small  creek  passcb  through  here,  and 
this  slough  seems  to  be  an  expansion  of  the  valley,  retarding 
the  water.  The  rock  is  here  entirely  below  the  water,  and 
is  nearly  all  blue,  and  in  that  respect  appears  well. 

At  the  mouth  of  Kose  creek  about  the  same  thickness  of 
the  same  kind  of  stone  can  be  seen  in  the  bed  and  banks  of 
the  creek.  A  fine  exposure  is  owned  by  J.  D.  Woodard  in 
23 
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the  right  bank  of  Rose  creek  near  the  crossing  of  the  road 
from  Austin  to  Officer's  mill,  perhaps  a  mile  above  its  union 
with  Cedar.  It  is  again  seen  above  Officer's  on  the  land  of 
Col.  Lewis,  on  the  east  bank. 

At  W.  H.  Officer's  mill,  the  left  bank  of  the  river  shows 
about  20  feet  of  bedding.  This  is  one  mile  below  Rode 
creek.  South  of  this  mill  rock  ot  the  same  kind  is  seen  at 
a  number  of  places  before  reaching  the  State  line.  At  two 
miles  below  Officer's  it  is  quarried  on  B.  B.  Foster's  land ; 
and  on  Mrs.  John  Niles',  three-fourths  of  a  mile  below  Fos- 
ter'Sy  on  the  west  side  of  the  river.  Just  below  the  State 
line  is  Alderson's  mill,  where  it  is  again  exposed.  At  Offi- 
cer's, the  water  power  is  8  feet.  It  is  13  feet  at  Gregson's 
and  10  feet  at  Austin.  Between  Austin  and  Lyle  the  country 
is  apparently  a  perfectly  level  prairie,  and  is  doubtless  closely 
underlain  with  the  same  rock  as  at  Austin. 

Two  miles  east  of  Officer's  mill  a  farmer  struck  the  same 
rock  in  two  separate  wells  on  bis  farm,  in  one  at  the  depth 
of  three  feet  and  in  the  other  at  eleven. 

Dobbin's  creek,  which  joins  the  Cedar  at  Austin  from  the 
NE.,  furnishes  a  water-power  of  14  feet  by  dam,  where  a 
mill  is  erected.  A  quarry  in  the  left  bank  of  this  creek 
shows  the  same  rock  as  already  described  at  Austin  in  the 
Cedar.  The  bluffs  of  the  creek  just  below  the  mill  are  about 
80  feet,  and  show  about  20  feet  of  roci:.  The  beds  are  in 
every  place  greatly  broken,  and  in  some  cases  displaced. 
The  rock  is  parted  into  blocks  of  varying  size,  according  to 
the  thickness  of  the  layers,  the  uppermost  being  finest. 
Throughout,  the  partings,  and  all  the  interstices  are  closely 
filled  with  a  greenish  clay,  making  the  whole  a  close  and 
almost  impervious  mass.  It  has  very  much  the  aspect  of 
the  Cretaceous  on  the  Silurian,  as  described  at  Mankato, 
(see  the  second  annual  report)  except  that  the  small  cracks 
and  openings  are  here  all  densely  filled  with  the  clay.  The 
clay  also  very  rarely  has  any  distinct  bedding,  but  seems 
rather  to  have  been  jammed  in  to  fill  the  vacancies.  Besides 
the  greenish  clay  which  often  varies  in  color  to  a  red  or  a 
buff,  there  is  also  considerable  white,  clean  sand,  lodged  in 
these  cavities  in  the  rock.  This  pertains  to  no  particular 
horizon,  and  shows  no  definite  arrangement.  It  is  disposed 
everywhere,  just  like  the  clay,  occurring  from  the  top  to  the 
bottom  of  the  bluff— though  perhaps  more  abundant  near 
the  bottom. 

These  two  deposits — the  clay  and  the  white  sand — are 
doubtless  the  result  of  destructive  forces  upon  other  portions 
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of  the  Cretaceous.  There  is  presumptive  eyidenee,  in  their 
being  here  irregularly  mingled  with  a  series  of  beds  that  lie 
nearly  in  sitUj  that  they  are  derived  from  some  overlying 
members  of  the  Cretaceous.  That  evidence  would  be  more 
reliable  if  the  general  dip  of  the  Cretaceous  were  toward 
the  north  or  northwest,  thus  throwing  the  beds  of  the 
qnarry  deeper  below  the  surface  in  those  directions  and 
rendering  them  less  susceptible  of  such  disruption  as  would 
expose  the  underlying  members  to  the  glacial  forces.  That 
is  naturally  the  first  inference  on  beholding  the  face  of  the 
bluff.  On  the  contrary  the  actual  dip  of  the  Cretaceous,  if 
it  have  any  at  all,  would  be  in  general  toward  the  south  or 
southwest  at  this  place,  and  the  lower  members  are  thus 
brought  nearer  the  surface  and  within  the  transporting 
agency  of  the  glacial  forces  at  points  toward  the  north. 
Thus  this  clay  and  sand  may  have  been  brought,  by  the 
action  of  ice,  in  the  glacial  epoch,  from  the  north  or  north* 
west  and  deposited  on  the  top  of  an  overlying  rock,  in  the 
same  manner  as  granitic  boulders  are  brought  from  a  granitic 
region  toward  the  north  and  are  spread  by  the  agency  of 
ice,  over  the  Silurian  or  Devonian,  or  even  over  the  Creta- 
ceous, that  overlie,  by  hundreds  of  feet,  the  granitic  beds 
from  which  they  are  derived.  This  clay  and  sand  however 
are  so  fragile  that  they  would  soon  lose  their  identity  in 
being  carried  by  the  mixing  power  of  a  glacier,  and  cannot 
have  been  far  transported.  Indeed  the  area  over  which  the 
beds  of  the  rock  with  which  they  are  mingled  are  known  to 
extend  unbroken,  without  perceptible  dip  in  any  direction, 
is  quite  as  great  as  they  could  be  carried  by  glacial  action 
and  deposited  in  distinct  and  characteristic  homogeneity. 
There  is  hence  a  strong  probability  that  the  rock  from  which 
they  are  derived  occupies  a  higher  geological  horizon  than 
that  among  the  broken  beds  of  which  they  appear.  This 
white  sand  must  be  the  same  as  that  seen  on  the  Blue  Earth 
and  its  tributaries,  and  on  the  Waraju  in  Brown  county, 
(see  the  second  annual  report  pages  133  and  185.)  It  there 
lies  on  the  Lower  Silurian  unconformably.  Here  it  seems 
to  be  underlain  by  an  older  member  of  the  Cretaceous — the 
Austm  rock.  This  indicates  the  earlier  submergence  of  this 
portion  of  the  State  beneath  the  ocean  of  the  Cretaceous  age, 
and  the  approach  of  the  Cretaceous  ocean  from  the  east  or 
southeast..  As  to  the  relative  ages  of  this  dislodged  clay 
and  white  sand,  there  is  no  way  of  deciding  which  is  the 
older  from  any  certain  evidences  in  Mower  county.  But 
in  Brown  county  there  is  a  bluish-green  clay  that  overlies 
the  white  sand.  ^c^a\c> 
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This  rock  is  also  wrought  on  the  right  batik,  jast  above 
the  mill,  showing  here  also  the  same  features. 

At  Sargent's  Spring,  SW.  i  sec.  31,  Bedrock,  there  is 
apparently  an  exposure  of  this  white  sand  below  the  level  of 
the  water  of  a  little  pool.  This  place  is  a  local  celebrity. 
Pure,  soft  water  boils  up  over  the  area  of  about  a  square  rod, 
and  sometimes  over  double  that  area,  and  can  be  seen  issu- 
ing from  the  ground,  bringing  with  it  clean,  white  sand. 
The  bottom  of  the  pool  presents  a  beautiful  appearance. 
The  water  is  as  clear  as  crystal,  and  the  boiling  points  which 
appear  by  reason  of  the  rising  white  sand,  in  the  midst  (*f 
the  darker  sediment,  can  be  minutely  inspected  at  a  depth 
of  five  or  six  feet.  Running  a  stick  into  the  agitated  sand, 
it  soon  strikes  a  sandrock  which  ia  doubtless  the  source  of 
the  boiling  sand,  and  the  same  bed  that  furnished  that  at 
the  quarry  in  Dobbin's  creek. 

On  the  SE.  i  sec.  12,  Windom,  Mr.  Thomas  Smith  has 
struck  the  Cretaceous  in  making  explorations  for  coal.  From 
Mr.  Smith  the  following  account  of  his  efforts  was  obtained. 
His  attention  was  first  attracted  by  a  **  scum  that  stood  on 
stagnant  water "  and  by  the  <<  mud  brought  up  on  horses 
feet "  in  crossing  the  creek  bottoms.  Having  chosen  a  lo» 
cality  along  the  bank  ot  Rose  creek  which  he  judged  suitably 
free  from  water,  he  besan  to  drift  into  the  bank  of  the  creek 
following  a  bed  of  vegetable  material  that  had  the  appear- 
ance of  old  peat,  but  which  contained  some  coarse  pieces  of 
fibrous  wood.  The  choice  of  this  place  was  altogether  ac* 
cidental,  the  desire  being  to  obtain  a  place  free  from  water. 
There  were  no  surface  indications  favoring  coal  at  that  point. 
He  accidentally  came  upon  the  peat  bed.  At  first  the  peat, 
of  which  Mr.  Smith  has  preserved  samples,  and  which  con 
sists  entirely  of  comminuted  vegetable  fibre,  was  only  half 
an  inch  in  thickness.  In  the  coarse  of  the  drift  it  gradually 
thickened  at  70  feet,  to  18  inches  in  thickness.  This  drift 
was  nearly  level,  inclining  a  little  for  the  sake  of  drainage. 
On  the  top  of  this  peat,  pieces  of  wood  which  were  judged 
to  be  of  pine  and  cedar,  of  which  also  Mr.  Smith  has  pieces 
preserved,  were  found  in  abundance.  One  large  piece  was 
two  feet  long  and  ten  inches  in  diameter,  supposed  tb  be 
pine.  This  drift  was  about  50  foet  below  the  general-  sur- 
face and  6  or  7  feet  above  low  water  in  Rose  creek.  Above 
it  was  a  blue  clay  with  gravel  stones.  Below  it  was  also  a  dark 
blue  clay  with  gravel  stones.  This  peat  seems  to  have  been 
in  a  genuine  ancient  peat  lake,  filled  or  partly  filled,  on  which 
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floated  pieces  of  wood  from  the  surroundiDg  forest.     The 
whole  was  buiied  again  by  glacial  deposits  fifty  feet  thick.* 

This  drift  having  been  abandoned  at  80  feet«  a  shaft  was 
sunk  twenty  rods  toward  the  SW.  to  the  depth  of  50  feet, 
meeting  the  same  peat.  This  shaft  passed  through  fifteen 
feet  of  sand,  ten  or  twelve  feet  of  yellow  clay »  and  about  23 
feet  of  gravelly  blue  clay.  Then  east  of  the  drift  40  rods  a 
shaft  was  sunk  on  lower  ground,  but  not  on  the  bottoms, 
though  somewhat  within  the  general  valley.  The  section 
hero  was,  as  given  by  Mr.  Smith : 

No.  1.    Soil  and  gravel 5  feet. 

No.  2.    Gravelly  blue  clay 4  or  5  feet. 

No.  8.    Gravelly  yellow  clay 14  feet. 

No.  4.    Bine  clay,  not  gravelly 9  feet. 

No.5.    Brown,  waxy  clay,  floe ..- 6  Inches. 

No.  6.    Rock  with  water,  (Mr.  Smith  says  a  specimen  of  "blue 

slate**  came  flrom  this  level) Sfeet. 

No.  7.    A  soft  rock  which  ftimished  fine  drilliags  that  were 

taken  for  "coar 4  feet. 

In  this  drill,  the  first  22  feet  of  which  were  a  shaft,  Mr. 
Smith  next  came  upon  a  very  hard  rock,  and  as  all  his  work 
was  done  by  hand  he  did  not  succeed  in  entering  this 
stratum,  nor  in  getting  a  specimen. 

At  this  point  Mr.  Smith  made  efforts  to  get  help  from  the 
county  commissioners  but  they  declined.  He  next  sank  a 
shaft  forty  feet  in  depth,  about  twenty  feet  from  the  last, 
meeting  about  the  same  materials,  except  that  here  there 
was  no  «*blue  clay  not  gravelly,"  and  no  ♦•fine,  waxy,  brown 
clay."  He  struck  the  rock  at  the  same  depth.  The  bottom 
of  the  * 'gravelly  yellow  clay"  here  was  hard  "like  brick," 
cemented  by  deposits  from  the  water  which  came  in  from 
below  immediately  after  penetrating  through  it.  This  was 
a  shaft  throughout.     Here  the  work  stopped. 

On  visiting  the  last  shaft  which  was  all  dug,  the  rock 
struck  is  seen  in  fragments  lying  about.  It  is  a  fine  sand- 
stone now  rusty-brown  with  iron,  but  which  on  being  ta&en 
out  was  at  first  of  a  bluish  gray  color,  like  the  deeply  cut 
Austin  stone.  This  is  somewhat  coarser  than  that  and  more 
loosely  grained,  but  in  every  other  respect  appears  to  be 
the  same  rock. 

*  This  peat  wm  Sf  «ia  itniok  in  •  bbaf i  tweo^  rods  fariber  8  W»  from  the  drift,  and  wm  there 
tboat  a  foot  thiok,  »nd  about  the  lame  depth  below  the  lurface.  It  waa  met  In  wells  two  and  » 
half  or  three  milea  nonhweat,  »t  thirtj-llTe  feet. 
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The  Devonian. 

The  most  westerly  outcrop  of  these  limestones  within  the 
county,  is  that  on  Mr.  Andrew  Robertson's  land,  sec.  26, 
Windom.  The  rock  here  seen  is  course  and  porous,  but 
rather  iirm,  and  very  slightly  exposed.  It  occurs  in  the 
valley  of  a  small  tributary  of  Rose  Creek. 

The  quarries  at  Le  Roy  are  owned  by  Joseph  Brevier, 
Judson  A.  Palmer,  Stephen  Drowne,  and  the  heirs  of  L. 
Johnson. 

The  quarry  owned  by  the  heirs  of  Johnson  is  about  forty 
rods  from  the  State  line,  in  sec.  35,  Le  Roy.  It  is  in  a 
lightly  timbered  tract  of  country,  accompanying  the  upper 
Iowa  river,  and  about  ten  rods  south  ot  the  river.  The 
beds  rise  to  within  a  foot  or  two  of  the  surface,  on  the  angle 
of  the  river  bluff,  though  the  bluffs  of  the  river  are  not  con- 
spicuous, the  depth  of  the  valley  being  only  about  twelve  or 
fifteen  feet  below  the  general  level,  and  broad  and  basin- 
like. The  foreign  drift  about  is  light,  but  some  large  bould  • 
ers  are  scattered  about.  This  stone  is  light  colored  (nearly 
white)  hard  and  fine,  exactly  like  the  Devonian  seen  near 
North  wood,  in  Iowa,  though  in  heavier  beds  than  tbat.  It 
would  make  a  beautiful  white  marble.  It  is  uniform  in 
gram  and  texture,  and  not  in  the  least  porous.  With  the 
exception  of  one  or  two  layers  of  an  inch  or  two  of  greon 
clay,  the  beds  are  all  of  this  limestone,  exposed  twelve  feet. 

At  Palmei's  quarry  the  rock  is  overlain  by  six  inches  of 
soil,  though  a  hundred  rods  from  the  river.  These  beds  are 
all  badly  weathered  so  far  as  opened,  and  of  the  same  gen- 
eral character  as  at  Johnson's.  No  drift.  Exposed  three 
feet. 

Mr.  Palmer's  other  quarry  is  in  the  river  bluff,  and  easy 
of  access.  The  stone  is  the  same  as  that  already  described, 
and  has  been  burned  near  the  quarry  for  quicklime.  It 
forms  a  bluff,  exposing  about  twenty  feet. 

Brevier's  quarries,  of  which  two  are  opened,  are  in  the 
left  bank  of  the  Upper  Iowa  river,  and  show  about  the  same 
beds  as  seen  in  the  other  quarries. 

Drowne's  quarry  is  also  in  the  bank  of  the  river,  but 
shows  only  about  six  feet,  though  there  is  every  opportuuity 
for  opening  the  beds  to  a  greater  depth.  There  is  here  a 
much  more  argillaceous  and  fissile  bed  than  any  seen  in  the 
other  quarries.  It  is  about  eighteen  inches  thick.  This 
layer,  coming  about  midway  in  the  quarried  beds  tacilitates 
the  working  of  the  quarry,  but  is  itself  of  no  value.     In 
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the  debris  thrown  out,  probably  from  this  layer,  a  globular 
mass  of  Ccenoatroma  was  obtained,  which,  taken  with  the 
lithological  resemblance  of  the  rock  to  that  containing 
Hamilton  lossils  at  Northwood,  in  Iowa,  near  the  Minnesota 
State  line,  satisfactorily  establishes  the  Devonian  age  qf  the 
whole  of  the  rock  at  Le  Boy. 

Section  16,  Le  Roy,  Mrs.  Alice  Plummer  owns  a  newly 
opened  quarry  near  the  river. 

There  is  an  exposure  of  the  limestone  in  the  valley  of  the 
upper  Iowa,  near  the  west  line  ot  the  SE.  i  of  NW.  i  of 
sec.  29,  Le  Boy.  There  is  here  a  boiling  spring  coming 
out  of  the  rock  in  the  bed  of  the  creek.  I'he  rock  is  also 
exposed  just  over  the  State  line,  in  Iowa,  on  the  Little  Cedar, 
and  more  particularly  at  Staceyville,  two  miles  south  of  the 
line. 

The  Silurian. 

As  already  stated, 'the  rock  at  Frankford  is  classed  as 
Silurian  on  lithological  evidence  only.     The  quarries  here, 
beginning  with  the  highest  up  the  creek  (known  as  Deer 
Creek)  are  owned  in  the  following  order :    A.  Bush  has  a 
quarry  febout  four  miles  above  Frankford;  6.  Fryer  has  a 
good  quarry ;  EJ.  W.  Elder  burns  and  sells  lime  at  Frank- 
ford ;  L.  Patchin's  quarry  is  situated  in  the  brow  of  a  small 
valluy  tributary  to  Deer  Creek,  and  consists  of  beds  that 
are  much  shattered  and  weathered,  so  as  to  afford  irregular 
and  small  pieces,   considerably  used  for  lime.     Exposed* 
about  seven  feet.   These  beds  overlie  or  are  very  near  the  tops 
of  the  beds  in  tha  next — ^that  of  Mr.  J.  Hawkins.     I'his  is  in 
the  bluff  of  Deer  Creek,  and  supplied  the  heavy  stone  placed 
in  the  abutments  of  the  highway  bridge  at  Frankford.     The 
exposure  here  is  about  twenty  feet.     The  layers  are  three 
feet  and  more  in  thickness,  and  project  over  the  water. 
This  is  a  characteristic  exposure.     The  rock  is  different  from 
that  at  Le  Boy.     It  is  of  about  the  name  color,  somewhat 
darker,  vesicular  and  porous.      It  is  firm,  has  abundant 
calcite,  and  some  chert.     While   it  is  plainly  fossiliferous, 
no  fossils   demonstrating  its   age  are   obtainable.     J.   C. 
Easton  also  owns  a  quarry  at  Frankford,   back  from  the 
creek,  on  the  open  prairie.     Other  outcrops  occur  favorable 
for  quarrying.     In  the  scarcity  of  fuel,  but  little  lime  is 
made  at  Frankford.     Much  more  is  burnt  at  Spring  Valley. 
A  stone  quarry  is  opened  two  miles  northwest  of  Grand 
Meadow,  on  Bear  Creek,  owned  by  Mr.  Coin.     Another  is  2^ 
miles  east  of  Coin's,  owned  by  Mr.  I,  O.  Huffdaw. 
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The  Drift. 

In  Mower  county  no  diminution  of  the  drift  was  noticed. 
It  coneists  of  the  usual  hard-pan  clay.  This  clay  shows  a 
light  color  for  the  first  10  or  15  feet,  and  below  that  depth 
it  is  apt  to  be  blue.  Gravelstones  and  boulders  are  dissem- 
inated through  it.  Some  t)f  the  boulders  are  very  large 
and  consist  of  granite.  Some  very  large  granite  boulders 
occur  near  Rose  Creek  village,  lying  on  the  surface,  and 
some  are  near  Adams.  There  are  some  also  in  the  valley 
between  Adams  and  Le  Boy.  Near  Mr.  Alderson's  quarry 
at  Austin  a  granite  boulder  has  been  blasted  and  broken  for 
building  stone.  It  is  at  least  16  feet  long  by  12  feet  wide. 
Its  depth  is  unseen.  Others  were  seen  equally  large  in 
various  parts  of  the  county. 

The  most  interesting  development  in  respect  to  the  drift 
in  Mower  county  consists  in  the  discovery  of  an  ancient  bed 
of  peat  by  Mr.  Smith  in  Windom.  The  reader  is  referred 
to  the  account  of  his  operations  for  coal,  already  given,  for 
the  particulars  of  this  discovery.  This  bed  of  peat  seems 
to  be  of  considerable  extent,  superficially.  A  similar 
deposit  is  struck  in  wells  at  Le  Roy*  Mr.  J.  D.  Wilsey, 
on  sec.  31,  met  it  at  20  feet.  Mr.  Porter,  who  dug  his  well, 
describes  the  deposit  there  as  largely  made*  up  of  distinct 
woody  fiber,  among  which  he  thought  he  recognized  hem- 
lock bark.  Several  other  instances  of  striking  this  buried 
vegetation  are  reported  in  the  neighborhood  of  Le  Roy. 
The  clay  overlying  the  peat  bed  is  described  as  a  gravelly 
yellow  clay. 

In  the  State  of  Iowa  an  ancient  peat  has  also  been  met 
with  at  a  number  of  places.  Dr.  White  describes  it  at 
Davenport,  at  Iowa  city,  and  in  Adair  county  (  Geology  of 
lowa^  1870,  Vol.  1,  p.  119)  and  refers  its  origin  there  to 
marshes  that  accompanied  the  valleys  of  the  rivers  near 
which  the  peats  occur,  when  those  rivers  spread  wider,  and 
flowed  at  higher  levels.  But  in  Mower  county  the  peaty 
deposit  is  not  confined  to  the  valleys  of  streams,  nor  to  the 
proximity  of  streams.  Mower  county  is  on  one  of  the 
highest  divides  in  the  State  of  Minnesota,  and  from  it  flow 
the  sources  of  streams  toward  the  north,  south,  and  east. 
Those  streams  are  small  and  never  could  have  flooded  the 
extent  of  country  in  which  this  peat  is  found.  The  positive 
information  now  at  hand  in  reference  to  this  peat  deposit  in 
Mower  county,  does  not  warrant  confident  assertions  as  to 
its  origin.     From  all  accounts  it  appears  to  be  embraced 
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between  glacial  deposits  of  gravelly  clay,  and  it  seems  to 
mark  a  period  of  interglacial  conditions  where  coniferous 
trees  and  peat  mosses  spread  over  the  country.  Peat  mos- 
ses are  not  necessarily  restricted  to  low,  wet  places^  If  the 
atmosphere  be  moist  they  will  flourish  on  any  surface,  and 
an  accumulation  of  good  peat  may  take  place  on  a  bare, 
rocky  mountain-side.  There  are  extensive  marshes  now  ex- 
isting in  northern  Minnesota,  mainly  covered  with  ericaceous 
plants,  with  some  cedars  and  tamaracks,  that  are  forming 
immense  peat  deposits.  With  an  increase  in  the  amount  of 
moisture  of  the  air  such  peaty  accumulations  would  spread 
over  much  higher  levels.  A  return  of  glacial  conditions 
would  bury  such  marshes  below  the  deposits  that  are  known 
as  drift. 

At  Le  Boy  Mr.  Porter  seems  also  to  have  discovered,  just 
in  the  border  of  the  village,  an  old  valley,  now  filled  with 
sand.  His  cistern  was  dug  in  the  solid  rock,  which  was  met 
at  seven  feet.  A  well  was  bored  fifteen  feet  distant  toward 
the  river,  to  the  depth  of  32  feet,  in  sand,  without  meeting 
any  rock.  Between  this  well  and  the  river  other  wells  have 
struck  the  rock  at  several  places,  and  usually  at  about  twelve 
feet.  On  the  prairie  throughout  the  county  wells  get  water 
generally  within  thirty  feet. 

Material  Resources. 

With  the  exception  of  the  central  high  prairie  portion  of 
Mower  county,  it  is  tolerably  well  supplied  with  wood  for 
common  fuel.  On  the  prairies  referred  to  wood  is  costly. 
That  portion  of  the  county  is  thinly  settled  with  farmers. 
Along  the  valleys  ot  the  streams  in  the  eastern  and  western 
portions  of  the  county,  the  first  settlements  took  place,  and 
in  those  valleys  are  found  the  most  of  the  population  at  this 
time.  The  principal  natural  wealth  of  the  county  lies  in  its 
soil  and  its  agricultural  adaptations.  The  people  tire  gen- 
etally  farmers.  The  growth  of  the  county  in  all  respects 
will  be  primarily  dependent  on,  and  co-ordinate  with  the  set- 
tlement of  the  farming  lands,  and  their  profitable  tillage. 
There  is  some  water  power  in  the  county,  as  at  Austin,  and 
below  Austin  to  the  county  line,  and  at  Le  Roy  and  Ram&ey, 
and  it  is  well  improved  in  the  erection  of  flouring  mills. 
Mower  county  contains  no  peat,  and  cannot  hope  for  coal. 
The  rocks  that  underlie  the  county  cannot  be  depended  on 
for  producing  anything  but  building  stone  and  quicklime. 
Of  the  former,  some  of  the  limestone  would  produce  a  good 
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marble,  if  properly  handled.  That  is  the  case  particularly 
at  Le  Boy.  For  making  quick-lime  there  is  ample  oppor- 
tunity. The  only  difficulty  will  be  a  competition  with  other 
localities  from  which  transportation  is  light,  that  possess 
cheaper  fuel  for  calcination.  Brick  can  be  made  at  almost 
any  place  in  the  county.  Three  miles  northeast  of  Lansing 
Mr.  John  Just  is  engaged  in  brick-making.  At  Austin  Mr. 
A.  H.  Alsip  now  manufactures  brick.  Formerly  they  were 
also  made  by  Smith,  Tuttleand  Tracy,  and  by  Horace  A''ebb. 
Mr.  Alsip  lays  his  own  brick  in  the  wall  for  $12.50  and 
$13.00  per  thousand,  furnishing  everything.  He  sella  for 
$12  and  $15  per  thousand.  He  makes  a  sand-mold  brick, 
free  from  lime,  but  rather  soft.  He  burns  the  common 
surface,  taking  off  about  three  inches,  so  as  to  remove  the 
grass-roots.  During  the  year  he  has  made  about  550,000, 
oak  wood  costing  about  $6.50  per  cord.  At  Austin  a  light- 
colored  brick  from  Watertown,  Wisconsin,  is  somewhat 
used.  Brick  from  Chaska,  Carver  county,  are  delivered  on 
the  cars  for  $8,  costing  $13  at  Austin.  The  lime  used  at 
Austin  is  mostly  from  Mitchell,  Iowa.  At  Le  Roy  not 
many  brick  have  been  made.  The  Caswell  House  and  the 
school  house  at  that  place  are  built  of  brick  made  at  Le  Roy. 
The  quality  of  the  Le  Roy  brick  is  as  good  as  any  seen  at 
Austin.  About  three  miles  above  Frankford  the  Shaw 
Brothers  have  begun  the  manufacture  of  a  fine  light- colored 
brick,  though  some  are  also  red.  This  yard  is  said  to  turn 
out  some  of  the  best  brick  made  in  the  county.  To  those 
interested  in  burning  lime  in  the  county  the  following  state- 
ments obtained  from  Schuyler  and  Hulme,  of  Mitchell « 
Iowa,  extensive  lime-burners,  will  be  of  value.  They  have 
one  draw  kiln,  which  is  in  constant  operation,  of  Page's 
Patent,  from  Rochester,  New  York.  It  affords  200  bushels 
of  quick  lime  every  24  hours.  It  requires  48  hours  to  take 
a  piece  of  the  rock  through  the  kiln.  Everj^  24  hours  four 
cords  of  wood  are  consumed,  at  a  cost  of  four  dollars  per 
cord.  One  cord  of  stone  is  calculated  to  make  100  bushels 
of  lime,  at  80  pounds  per  bushel,  which  sells  at  the  kiln  at 
35  cents  per  bushel,  average  price.  Coarse  lime  will  fall 
six  pound  short  by  measure,  but  if  the  fine  lime  be  put  in 
it  will  holdout  weight,  previous  to  being  air-slacked.  Air- 
slacked  lime  averages  about  55  pounds  per  bushel.  To 
run  this  kiln  requires  seven  men,  including  those  who  take 
out  the  stone,  or  five  men  and  one  team. 
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7.  Beport  of  Col.  Charles  Whittlesey  on  the  Mineral  Begions  of  Minnesota. 
1866.    Svo.  52  pp.  close  type,  with  wood  cuts. 

8.  Beport  of  N.  C.  D.  Taylor  on  the  Copper  District  of  KetOe  river,  incorpo- 
rating  Mr.  James  SalVs  estimate  of  the  copper  prospects  of  that  district, 
1866.    2  pp.  Bvo.    Found  only  in  the  Executive  Documents. 

9.  Beport  of  a  Geological  Survey  of  the  vicinity  of  Belle  Plaine,  ScoU 
county,  Minnesota.    A.  Winchell.    June  17,  1871.    &vo.  IS  pp. 

10.  The  First  Annual  Beport  on  the  Geological  and  Natural  Bistory  Survey 
of  Minnesota,  for  the  year  1872.  By  N.  H.  Winchell.  Bvo.  112  pp.  with 
a  colored  geological  map  of  the  State.  Published  in  the  Begents*  Beport 
/or  1872.    Out  of  print. 

11.  The  Second  Annual  Beport  on  the  Geological  and  Natural  Bistory  Sur^ 
vey  of  the  StaU,  for  the  year  1878.  By  N  H.  Winchell  and  S.  F.  Peek- 
ham.    Begentt^  Beport ;  148|)p.  8vo;  wUh  illustrations. 

12.  The  Third  Annual  Beport  on  the  Geological  and  Natural  History  Survey 
of  Minnesota,  for  the  year  1874.  By  N.  H.  Winchell.  41  pp.  %vo.  with 
two  county  maps.    Published  in  the  BegenU^  Beport  for  1874. 

pfoTB.— Of  the  foregoing,  Koi.  1,  t,  4  and  6  are  wanted  by  the  Sarrey.] 
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ADDRESS  AND  SUMMARY  STATEMENT. 


To  Uie  Pre9idemt  of  the  Univernty: 

The  accompanying  report,  the  fourth  since  the  beginning  of  the 
Geological  and  Natural  History  Survey  of  the  State,  embraces  ftiU 
and  detailed  reports  on  the  counties  of  Fillmore,  Olmsted,  Steele 
and  Dodge.    These  counties  lie  nearly  contiguous  in  the  southeast- 
ern portion  of  the  State,  embracing  some  of  the  first  settled,  and 
now  most  thickly  inl^abited  counties  of  the  State.    The  plan  for 
the  season  embraced  other  counties,  in  the  central  portion  of  the 
State,  and  one  or  more  in  the  noithern.    But  it  has  been  found  im 
possible  to  complete  more  than  the  four  named.  '  Considerable  work 
has  been  done  in  Hennepin  county,  and  some  in  Steams,  but  the 
scattered  observations  made  will  be  reserved  till  the  work  in  those 
counties  is  taken  up  and  reported  in  detail.    The  complicated  char- 
acter of  the  work  done  in  Fillmore  and  Olmsted  counties  will  be 
seen  by  a  glance  at  the  accompanying  geological  maps  of  those 
ooonties.    The  eastern  portion  of  these  counties,  particularly  Fill- 
more, falls  within  that  well-known  tract  denominated  by  Prof.  J. 
D.  Whitney,  a  '^  driftless  area."    This  term  very  nearly  describes 
the  tract  as  represented  in  this  portion  of  Minnesota,  but  I  have 
been  able  to  discern,  even  in  the  most  eastern  part  of  Fillmore 
oounty,  occasional  small  deposits  of  true  northern  drift,  as  de- 
tailed by  localities  in  the  report  on  that  county.    In  the  absence, 
or  attenuation,  of  the  true  northern  drift,  the  underlying  rocks 
make  bold  and  frequent  outcrops,  governing  the  immediate  contour 
of  the  surface,  and  deciding  the  agricultural  as  well  as  the  general 
indnstrial  resources  of  the  country.    It  has  been  necessary,  there- 
fore, to  give  very  minute  attention  to  the  lines  of  outcrop  of  the 
different  formations  as  they  make  their  way  across  the  county,  in 
order  to  delineate  them  correctly  on  the  accompanying  -colored 
maps. 

In  the  survey  of  these  counties  I  have  had  the  assistance  of  Mr. 
W.  £.  Leonard,  a  student  of  the  University,  who  accompanied  me 
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in  the  earlier  part  of  the  season  in  Fillmore  county,  and  of  P»>f . 
M.  W.  Harrington,  of  the  University  of  Michigan,  whose  report  is 
herewith  presented.  Prof.  Harrington,  who  ably  carried  on  the 
work  independently  in  my  absence,  was  compensated  only  by  the 
payment  of  his  field  and  traveling  expenses.  He  also  had  the 
privilege  of  retaining  such  botanical  specimens  as  he  could  gather, 
for  the  purpose  of  enlarging  the  already  magnificent  collection  of 
plants  in  the  museum  of  Michigan  University,  a  list  of  all  identifica* 
tions  being  reported  for  our  survey. 

The  catalogue  of  the  plants  of  the  State,  by  Dr.  I.  A.  Lapham, 
mentioned  in  the  report  for  1878,  has  been  printed  by  the  State 
Horticultural  Society,  and  is  published  in  its  report  for  1875,  where 
it  is  duly  accredited  to  the  Geological  and  Natural  History  Survey, 
to  whose  care  Dr.  Lapham  had  entrusted  it. 

In  December,  1872,  the  Board  of  Regents  adopted  a  resolution  ask- 
ing the  representatives  and  senators  in  Congress,  fh>m  Minnesota, 
to  take  measures  to  secure  to  Minnesota  such  determinations  of  lat- 
itude and  longitude,  by  the  United  States  Lake  Survey,  as  are  done 
in  other  States  by  the  officers  of  that  survey.    Through  the  co-ope- 
ration of  Hon.  M.  H.  Dunnell,  representative  in  Congress,  the  Sn* 
perintendent  of  the  Lake  Survey,  Gren.  C.  B.  Comstock,  was  induced 
to  take  immediate  steps  toward  the  determination  of  the  latitude 
and  longitude  of  the  University  buildings.    There   being  no  Con- 
gressional appropriation  for  further  determinations  in  this  State, 
nothing  further  has  been  done.     It  is  desirable,  in  order  to  construct 
a  correct  map  of  Minnesota,  that  as  many  points  as  possible  be  es- 
tablished in  the  same  manner.    In  the  State  of  Michigan,  the  Lake 
Survey  officers  are  determining  one  or  more  points  in  each  county 
of  the  Southern  Peninsula.    It  is  done  by  special  act  of  Congress, 
appropriating  money  to  enable  the  Lake  Survey  to  aid  the  State 
Survey.    I  call  your  attention  to  this  matter,  that  fhrther  efforts 
may  be  made  to  carry  out  the  intent  of  the  original  action  of  the 
Board  of  Regents.    It  is  the  established  policy  of  the  general  gov- 
ernment to  aid  those  States  that  are  carrying  on  geological  surveys, 
through  the  instrumentality  of  the  coast  surveys,  and  it  has  been 
so  announced.    The  attention  of  Congress  should  be  called  specially 
to  this  matter,  in  order  that  our  survey  may  receive  its  share  of  such 
aid. 

The  following  has  been  sent  A*om  the  office  of  the  Lake  Survey, 
at  Detroit,  by  order  of  Gren.  Comstock,  giving  the  results  of  obser- 
vations made  at  the  University : 


Digitized  by  VjOOQIC 


6UBTBT  Of  lOHKESOTA.  7 

LangUude  of  t^  SmaUer  Oupoia  of  the  UniwrtUy  of  Wnnescta. 


Longitude 
(Nayal  % 
Green- W7<»  08'' (XKr 


Longitade  of  Washington 
Obserratory)  west  ftom 
wich. 

U.    8.    Lake     Sarrey      observatory  % 
(1857  to  1870)  west  ftom  Washing- V  5  59  59.  80 
(on  (Nayal  Observatory.)  ) 

S.  B,  comer    of   the    new    Cnstom-v 
House,  8t.  Faol,  Minn.,  west  from  V 10  02  82.  25 
the  L.  8.  Obs.  (1857  to  1870.)  J 


.00 


:l 


Smaller  Capola  of  the  Unlyersity  of 
Minnesota   west  from   the    8.   £.  ^  0   8  86. 50     ^ 
comer  of  the  new  Custom  House.     I 

Longitade  of  the  smaller  capola  of  ^ 
the  Unlyersity  of  Minnesota  from  >98<>  W  W^.  60 
Qreenwlch.  j 


f 


RaferencM. 
Admiral  8and's  let- 
ter, Febraary  9* 
1872. 

L.  8.  Report  1871 
and  Office  No.  8. 

L.  8.  Beport  1872 
and  Office  No.  8. 

See  office  rept.  No. 
— .  A.  R.  Flint, 
obs'r.  T.  Rus- 
sell, computer. 


Latitade. 


^titude  of  the  8.  E.  corner  of  the  ^.. 
Dew  Cnstom  House.  ^     * 

Smaller  Cnpola  of  the  Unlyersity  of 

Minnesota   north   from  the   8.  S 

comer  of  the  Custom  House. 
Smaller  Capola  of  the  University  of  >  ^o  53/  39//  ^ 

Minnesota.  5 


56  42.  89 


156.88 


References. 

Office  No.  8,  from 
A.  B.  Flint,  ob- 
server. 1871. 

Office  rep.  No.  218. 
A.  B.  Flint,  ob'r, 
T.  Bussell,  c'p'r. 


Latitude.  Longitade. 

Smaller  Cupola  of  the  Univ.  of  Minnesota  44<»58^  89^^.  22  98''  W  08^^.  60 

(Signed)  O.  B.  WHEELEB, 

Compiler. 

[n  regard  to  chemical  work  I  am  not  informed  that  anything  has 
been  done  since  the  report  of  1878.  From  time  to  time  the  iol- 
lowing  sabstances  have  been  submitted  to  the  chemist  of  the  sur- 
vey for  examination.  This  list  is  here  given  that  the  records  of 
the  sorvey  may  be  easily  consulted,  and  that  in  future  analyses 
samples  may  readily  be  referred  to  their  sources. 

No.  1.    Light,  pinkish  clay,  known  as  **  Tripoli,"  from  Stillwater,  Minn. 

Submitted  to  Prof.  Strange  December  10th,  1872.    Beported  on  by  Prof. 

Peckham.    (See  the  Second  Annual  Beport.) 
No.  2.    Bed  and  yellowish  clay,  fine  grained ;  no  apparent  pebbles  nor  sand. 

From  Spring  Valley,  Minn.    Submitted  to  Prof.  Strange  December  10th, 

1872. 
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No.  S.  Drab,  or  brown  clay,  with  a  reddish  tinge,  very  fine  and  soapy  to 
the  toach ;  no  sand  nor  pebbles.  From  Spring  Valley,  Bfinn.  Sabmltted 
to  Prof.  Strange  December  10th,  1872. 

No.  4.  Same  as  No.  2,  bat  evidently  arenaceous,  and  with  occasional  small 
pebbles.  From  Spring  Valley,  Minn.  Submitted  to  Prof.  Strange  De- 
cember 10th,  1872. 

No.  5.  Peat,  from  Schmidtz'  land,  St.  Paul,  Minn.,  eight  feet  below  the 
snrflice.  Submitted  to  Dr.  P.  B.  Bose  August  6th,  1878.  Reported  No- 
vember 22d,  1878.    (See  the  Second  Annual  Beport.) 

No.  6.  Peat,  from  Schmidtz'  land,  St.  Paul,  Minn.,  2  feet  below  the  sur- 
face. Sabmltted  to  Dr.  P.  B.  Bose  August  6th,  1878.  Beported  Novem 
ber  22d,  1878.    (See  the  Second  Annual  Beport.) 

No.  7.  Manufactured  Peat,  from  Wells ;  W.  Z.  Haight.  Submitted  to  Dr. 
P.  B.  Bose,  August  6th,  1878.    Beported  by  him  November  22d,  1878. 

No.  8.  Peat  from  Lake  Emily,  near  St.  Peter,  Minn.  Submitted  to  Dr.  P. 
P.  B.  Bose,  August  6th,  1878.    Beported  November  22d,  1878. 

No.  9.  Turf-peat,  from  Empire  City.  Submitted  August  6th,  1878,  to  Di. 
P.  B.  Bose.    Beported  November  22d,  1878. 

No.  10.  Peat  from  Wells,  not  manufactured.  Submitted  August  6th,  1878, 
to  Dr.  P.  B.  Bose.    Beported  November  22d,  1878. 

No.  11.  Cretaceous  coal,  cannel,  from  Crow  Creek,  near  Redwood  Falls* 
Minn.    Submitted  to  Prof.  S.  F.  Peckham,  Sept.  6th,  1878. 

No.  12.  Coal,  from  the  surflace,  near  Bismarck,  D.  T.  Submitted  to  Prof. 
S.  F.  Peckham,  September  6th,  1878.  [The  last  two  have  the  same  ex- 
ternal characters.] 

No.  18.  Earthy  coal,  from  Crow  Creek,  near  Bedwood  Falls,  Minn.  Sub- 
mitted to  Prof.  S.  F.  Peckham,  September  6th,  1878. 

No.  14.  A  mixture  of  charcoal  and  ash,  apparently,  firom  the  lignite  beds 
of  the  cretaceous,  at  Bedwood  Falls,  Minn.  Submitted  to  Prof.  S.  F. 
Peckham,  September  6th,  1878. 

No.  16.  Kaolin;  the  result  of  decomposed  granite,  greenish,  with  no  ap- 
parent grit.  From  Birch  Coolie,  Minn.  Submitted  to  Prof.  S.  F.  Peck- 
ham, September  6th,  1878.  (See  description  of  this  substance,  and  of 
the  locality,  in  the  Second  Annual  Beport.) 

No.  16.  Peat,  from  St.  Cloud,  18  inches  below  the  surface.  Submitted  to 
Prof.  S.  F.  Peckham,  September  15th,  1878.  Partially  analysed  aod  re- 
ported December  28d,  1878. 

No.  17.  Peat  from  Lura,  Faribault  county,  Minn.,  18  Inches  below  the  sur- 
face. Land  of  W.  Z.  Haight.  Bog  A.  Submitted  to  Prof.  S.  F.  Peck- 
ham, October  9th,  1878.  Partially  analyzed  and  reported  December  2dd, 
1878.    (See  the  Second  Annual  Beport) 

No.  18.  Peat  from  the  same  bog  as  No.  17, 8  feet  below  the  surflice.  Sub- 
mitted to  Prof.  S.  F.  Peckham,  October  9th,  1878.  Partially  analyzed  aod 
reported  December  28d,  1873. 

No.  19.  Peat  from  Lura,  Bog  B,  18  inches  below  the  surface.  Submitted 
October  9th,  1878,  to  Prof.  S.  F.  Peckham.  Partially  analyzed  and  re- 
ported December  28d,  1878. 

No.  20.  Peat  from  the  same  bog  as  No.  19,  8  feet  below  the  surfku^.  Sub- 
mitted to  Prof.  S.  F.  Peckham,  October  9th,  1878.  Partially  analyzed  and 
reported  December  28d,  1878. 
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ITo.  21.  Tnrf-peat,  ftom  the  land  ol  John  Haggard,  section  4,  town  101, 
range  89.  Submitted  October  9th,  1873,  to  Prof.  8.  F.  Feckham.  Par- 
tially analyzed  and  reported  December  28d,  1878. 

No.  22.  Peat  from  K.  K.  Peck's  land,  near  Windom,  3  feet  below  the  snr- 
foce.  Submitted  October  9th,  1878,  to  Professor  8.  F.  Peckham.  Par- 
tially analyzed  and  reported  December  28d,  1878. 

No.  28.  Peat  from  K.  K.  Feck's  land,  near  Windom,  2  feet  below  the  sur- 
fSace.  Submitted  October  9th,  1878,  to  Professor  S.  F.  Feckham.  Par- 
tially analyzed  and  reported  December  28d,  1878. 

No.  24.  Peat,  from  the  land  of  Bev.  Edward  Savage,  near  Windom,  Minn., 
18  inches  below  the  surface.  Submitted  October  9th,  1873,  to  Prof.  S.  F. 
Peckham.    Partially  analyzed  and  reported  December  23d,  1878. 

No.  25.  Turf-peat,  from  S.  O.  Taggart's  land,  section  24,  town  105,  range 
35.  Submitted  October  9th,  1878,  to  Prof.  S.  F.  Peckham.  Partially  an- 
alyzed and  reported  December  28d,  1873. 

No.  26.  Peat  from  land  of  A.  A.  Soule,  Mountain  Lake,  Minn.,  2  feet  below 
the  surface.  Submitted  October  9th,  1878,  to  Professor  S.  F.  Peckham. 
Partially  analyzed  and  reported  December  28d,  1878. 

No.  27.  Peat  from  the  land  of  the  St.  Paul  and  Sioux  City  Railroad,  section 
13,  town  106,  range  37,  2  feet  below  the  surface.  Submitted  to  Prof.  S. 
F.  Peckham,  October  9th,  1878.  Partially  analyzed  and  reported  Decem- 
ber 23d,  1873. 

No.  28.  Peat  from  the  land  of  F.  Q.  Taylor,  Brooklyn,  Hennepin  county. 
Submitted  to  Prof.  S.  F.  Peckham,  October  9th,  1873.  Partially  analyzed 
and  reported  December  23d,  1873. 

No.  29.  Lumps  from  the  sandstone  near  the  Bed  Jacket  Mills,  in  Blue  Earth 
county,  apparently  magnesia,  or  magnesia  and  lime.  (See  description  of 
that  locality  in  the  report  for  1873.)  Submitted  to  Prof.  S.  F.  Peckham. 
Partially  examined  and  reported  December  23d,  1873. 

No.  30.  Green  specks  in  the  St.  Lawrence  l%fMsU>ne,  Sample  from  St. 
Lawrence.  Submitted  to  Prof.  S.  F.  Peckham.  Partially  examined  and 
reported  December  23d,  1878. 

No.  81.  Green  specks  from  the  St.  Lawrence  limestone.  Sample  from 
Judson.  Submitted  to  Prof.  S.  F.  Peckham.  Partially  examined  and  re- 
ported December  23d,  1878. 

No.  32.  Black  mineral,  accompanying  quartz.  The  quartz  occurs  In  de- 
composed granite,  at  Minnesota  Falls.  The  mineral  has  the  appearance 
of  specular  peroxide  of  iron,  but  Is  thought  by  the  owners  to  be  a  min- 
eral of  value.  Submitted  to  Prof.  S.  F.  Peckham,  who  pronounced  it 
haematite  iron  ore.  (See  the  description  of  this  locality  in  the  Second 
Annual  Baport.) 

No.  33.  Turf-peat,  town  101,  range  40,  section  27.  Submitted  to  Prof.  S. 
F.  Peckham,  March,  1874. 

No.  34.  Peaty  lake  sediment,  Bigelow,  Minn.  Submitted  to  Prof.  S.  F. 
Peckham,  March,  1874. 

No.  85.  Peat,  from  Bed  Wing,  land  of  Capt.  O.  Eames.  Submitted  to 
Prof.  S.  F.  Peckham,  March,  1874. 

No.  86.  Peat  from  C.  F.  Bryan's  land,  near  Winona,  Minn.  Submitted  to 
Prof.  S.  F.  Peckham,  March,  1874. 
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No.  87.  Ore  flrom  the  8aak  Valley,  said  to  have  beeD  taken  ftom  the  bot- 
tom of  a  shaft  sunk  in  exploration  for  coal.  Submitted  to  Prof.  S.  F. 
Peckham. 

No.  88.  Ore,  supposed  to  be  of  sllyer,  Arom  Colorado,  from  J.  B.  Cnlver. 
Dnlnth,  Minn.  Submitted  to  Prof.  S.  F.  Pechham,  September  15th,  1874. 
Reported  to  Mr.  Culver. 

No.  89.  Ore,  supposed  to  be  of  silver,  from  E.  F.  Kindred,  Bralnerd,  Minn. 
Submitted  to  Prof.  S.  F.  Peckham,  September  18th,  1874.  Reported  to 
Mr.  Kindred. 

No.  40.  Ore,  supposed  to  be  of  silver,  from  the  north  shore  of  Lake  Su- 
perior, near  Duluth,  from  H.  Burg.  Submitted  to  Dr.  P.  B.  Rose,  No- 
vember 20th,  1874.  Reported  December,  1874,  and  forwarded  to  Mr. 
Burg. 

No.  41.  Ore  from  M.  L.  Casey,  supposed  to  be  of  iron,  from  the  corporate 
limits  of  Duluth.    Submitted  to  Prof.  S.  F.  Peckham,  December,  1874. 

No.  42.  Sample  of  mineral  water  from  the  Belle  Plalne  Salt  Springs. 
Submitted  to  Prof.  S.  F.  Peckham,  October,  1878.    Partially  analyzed 

and  reported  December  28d,  1878. 

No.  48.  Fragment  of  native  copper,  apparently,  from  R.  S.  Russell,  Pleas- 
ant Grove,  Olmsted  county.  Submitted  to  Mr.  D.  P.  Strange  in  the  win- 
ter of  1872  and  78.  Reported  by  Prof.  S.  F.  Peckham,  December  28d, 
1878. 

No.  44.  Sample  of  water  from  the  Belle  Plaine  Salt  Springs.  Submitted 
to  Prof.  S.  F.  Peckham,  October,  1878.  Partially  analyzed  and  reported 
February  16th,  1874. 

The  accompanying  report  also  embraces  a  statement  of  opera- 
tions in  the  Museum  since  the  date  of  the  last  report  thereon.  The 
law  ordering  the  Geological  and  Natural  History  Survey  contains  a 
clause  as  follows : 

Sec.  6.  It  shall  be  the  daty  of  said  board  of  regents  to  cause 
proper  specimens,  skillfully  prepared,  secured  and  labeled,  of  all 
rocks,  soils,  ores,  coals,  fossils,  cements,  building-stones,  plants, 
woods,  skins,  and  skeletons  of  animals,  birds,  insects  and  fishes, 
and  other  mineral,  vegetable  and  animal  substances  and  organisms 
discovered  and  examined  in  the  course  of  said  surveys,  to  be  pre-  - 
served,  for  public  inspection,  free  of  cost,  in  the  University  of 
Minnesota,  in  rooms  convenient  of  access,  and  properly  warmed, 
lighted,  ventilated  and  furnished,  and  in  charge  of  a  proper  scien- 
tific curator.    *     *    * 

This  clearly  establishes  in  the  University  a  State  Cabinet  or  Ma- 
seum  of  Natural  History.  A  report  on  the  progress  of  the  8ur\'ey, 
in  compliance  with  law,  implies  a  report  on  the  condition  of  its  col- 
lections. Hence  it  seems  proper  that  hereafter  the  report  on  the 
museum  should  be  embraced  in  that  on  the  progress  of  the  survey. 
With  the   establishment  of   the  State  Museum  at  the  University 
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arises  the  necessity  for  cases  for  the  exhibition  and  proper  keeping 
of  the  collections,  and  other  current  expenses  involved  in  their 
transportation,  labeling  and  custody.  Objects  of  Natural  History, 
requiring  careful  and  often  expensive  preparation,  must  be  con- 
stantly watched  and  frequently  cleansed,  to  prevent  their  deteriora- 
tion and  destruction.  The  mounting  of  mammals  and  of  birds  is 
expensive.  To  carry  on  a  system  of  exchanging,  with  other  insti- 
tutions, as  ordered  by  the  law,  involves  an  outlay  of  money.  None 
of  these  expenses  have  been  provided  for.  The  legislature  should 
make  an  annual  appropriation  of  several  hundred  dollars  to  enable 
the  Regents  to  carry  out  that  part  of  the  law.  It  will  require,  at 
once,  about  a  thousand  dollars  to  fit  up  the  rooms  assigned  to  the 
use  of  the  Museum,  with  suitable  cases  and  other  appliances. 

I  wish  to  call  to  your  serious  attention,  the  propriety  of  taking 
steps  to  place  on  an  active  footing  other  portions  of  the  work  ordered 
by  the  general  law  of  March,  1872.  Sundry  practical  questions 
involving  the  industries  of  the  state  and  the  confort  of  the  people, 
have  arisen  since  the  inception  of  the  survey ;  and  the  demand  for 
their  solution,  by  efficient  means  and  in  an  authoritative  manner, 
has  sought  expression  in  attempts  at  special  legislation,  creating 
special  commissions  for  the  purpose  of  investigation  and  report. 
These  practical  questions,  which  really  depend,  in  their  ultimate  re- 
sults, on  the  means  taken  to  investigate  under  the  guide  of  science, 
and  to  modify  or  control  their  operations,  are  covered  by  the  terms 
of  the  general  law  of  March,  1872.  I  refer  to  an  examination  of 
the  peat  deposits,  and  to  the  collection  of  statistics  concerning  the 
late  incursion  of  the  western  grasshoppers  into  the  state.  If  the 
general  law  were  put  into  vigorous  execution,  with  ample  means, 
there  would  be  no  inducement  to  originate  special  commissions  to 
perform  the  various  portions  of  the  work  ordered.  It  seems  to  me 
these  departments  ought  not  to  rest  much  longer  without  making  a 
systematic  beginning.  If  nothing  more  is  done  than  to  keep  up  an 
organization,  with  little  expense,  such  organization  would  be  ready 
in  case  any  public  emergency  arises  to  take  the  work  in  hand,  and 
to  furnish  information  immediately  concerning  its  proper  treatment. 
In  the  mean  time,  any  special  commission,  created  to  perform  work 
required  by  the  terms  of  the  general  law,  should  be  made  subject 
to  the  Board  of  Regents,  and  all  official  reports  on  scientific  investi- 
gations, covered  by  that  law,  ought  to  be  made  as  so  much  con- 
tributed to  the  progress  of  the  Geological  and  Natural  History 
Survey.  Then  the  state  will  not  find  herself  duplicating  her  em- 
ployes, and  performing  twice  the  same  service.  Then  all  these  in- 
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vestigations  will  be  jadioioosly  supervised,  and  the  scientific  work 
of  the  state  will  be  harmonized  in  all  its  relations. 

Germane  to  the  work  of  the  geological  survey,  is  the  coUection 
of  a  set  of  the  boilding  stones,  minerals,  limes  and  soils  of  the 
state,  for  exhibition  at  the  Centennial  Exposition,  to  be  held 
at  Philadelphia  in  the  year  1876.  The  State  Board  of  Centennial 
Managers  having  requested  the  aid  of  the  Geological  Survey  in 
making  a  suitable  collection  of  the  objects  named,  the  Board  of 
Bcgents,  through  their  Executive  Committee,  authorized  me  to 
superintend  their  collection.  Although  the  desires  and  plans  of  the 
State  Board  of  Centennial  Managers  have  been  very  widely  pub- 
lished, and  considerable  personal  appeal  has  been  resorted  to,  the 
present  condition  of  the  meager  collections  thus  far  made  does  not 
warrant  ardent  expectations  that  this  branch  of  the  exhibition  on 
the  part  of  Minnesota  will  be  creditably  sustained. 

In  submitting  this  report,  I  take  pleasure  in  acknowledging  the 
aid  of  the  people  of  the  counties  reported  on,  and  especially  of 
Prof.  M.  W.  Harrington,  of  Ann  Arbor,  whose  former  connection 
with  the  geological  survey  of  Michigan  enabled  him  to  conduct  the 
field  work  independently,  releasing  me  for  other  duties. 

Very  respectfhlly, 

N.  H.  WINCHELL. 
The  UNivsRBrrr  of  Minnssota,      > 

Minneapolis,  Minn.,  Dec.  81,  1875.  ) 
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REPORT  ON  THE  GEOLOGY  OF 
FILLMORE  COUNTY. 


Situation  and  Area. 


Fillmore  connty  lies  adjacent  to  the  State  of  Iowa,  and  is  sepa- 
rated irom  the  Mississippi  river  by  Houston  county.  It  lies  next 
east  of  Mower  county,  which  was  reported  on  last  year.  It  has  a 
width,  north  and  south,  of  four  government  towns,  each  six  miles 
square,  and  a  length,  east  and  west,  of  six,  making  it  one  of  the 
lai^est  of  the  organized  counties.  Its  area  is  about  864  square 
miles,  or  553,081.77  acres,  according  to  the  records  of  the  State 
Land  Office.  It  contains  no  lakes,  and  but  few  acres  that  are  un- 
suited  to  farm  tillage.  Preston  is  the  county  seat.  Lanesboro, 
Spring  Valley,  Chatfield  and  Bushford  are  the  principal  towns. 

Natural  Drainage. 

Boot  river,  with  its  tributaries,  drains  nearly  the  whole  of  the 
county.  The  Upper  Iowa  river,  which  enters  the  county  in  Beaver 
and  Bristol  townships,  receives  a  few  small  streams  from  the  south- 
ern  tier  of  townships.  Boot  river,  flowing  toward  the  east,  spreads 
out  its  tributaries  north  and  south,  like  the  rays  of  a  fan,  crossing 
the  entire  county  from  west  to  east.  Many  of  the  branches  of  Boot 
river  rise  in  the  counties  next  west  and  north  of  Fillmore  county, 
in  a  tract  of  country  covered  with  northern  drift.  After  entering 
Fillmore  county,  they  soon  enter  canon-like  valleys,  and  the  drift 
becomes  much  lighter.  They  then  converge  toward  the  main  val- 
ley, following  deeply  cut  rocky  valleys,  and  leave  the  county  in  one 
volume  at  Bushford,  in  the  northeastern  comer  of  the  county.  These 
streams  furnish  frequent  water-power  privileges,  and  a  number  of 
them  have  been  improved  in  the  erection  of  mills,  which  are  scattered 
throughout  the  county  as  follows.  There  are,  besides  these,  several 
smaller  saw  mills : 
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At  Chatfleld,  two  flonring  millB. 

On  the  southeast  quarter  of  section  17,  Chatfleld,  one  flouring  milL 

At  Clear  Grit,  one  flouring  mill. 

On  section  81,  Jordan,  one  saw  mill. 

At  Preston,  one  flouring  and  one  woolen  milL 

At  Carimona,  one  flouring  mill. 

At  ForestYille,  one  flouring  mill. 

At  iBtna,  one  flouring  mill. 

At  Fillmore,  two  flouring  mills. 

At  Baldwin's  Bridge,  (section  21,  Forest viUe,)  one  saw  mill, — also  fitted 
for  grinding  feed. 

At  section  24,  Bloomfleld,  (De  For,)  one  flouring  mill. 

At  Granger,  two  flouring  mills. 

On  South  Root  river,  three  flouring  mills. 

At  Rushford,  three  flouring  mUls. 

At  Peterson,  one  flouring  mill. 

At  Whalen,  two  flouring  miUs. 

At  Lanesboro,  three  flouring  mills. 

On  Bear  and  Deer  Creeks,  in  the  northwestern  part  of  the  county,  eight 
flouring  and  four  saw  mills. 

At  the  Tunnel  Mills,  section  84,  Samner,  advantage  baa  been  ta- 
ken of  the  winding  course  of  Bear  Creek.  The  creek  is  enclosed  on 
both  sides  by  high  rocky  walls.  A  tunnel  has  been  cat  through  a 
narrow  neck,  excavated  in  the  rock,  admitting  the  water,  which  falls 
again  into  the  river,  on  section  84,  producing  a  fall  of  25  feet  in  600 
feet.  The  cut  in  the  rock  is  600  feet  long,  for  the  tunnel,  and  100 
feet  for  the  tail  race.  At  G.  Weisbeck's  Mill,  a  similar  opportunity 
is  oflTered.  This  is  on  section  11,  Spring  Valley.  By  a  tunnel  of 
70  feet,  through  the  '^  Hog's  b^k/'  a  fall  of  17  feet  10  inches  may 
be  secured ;  and  at  the  lime  kiln  of  Mr.  J.  H.  Hall,  near  Weisbeck's, 
a  tunnel  of  125  feet  will  fhmish  a  power  of  20  feet.  About  20  rods 
from  Weisbeck's,  a  tunnel  of  450  feet  will  afford  64  feet  head  of 
water.     The  rock  is  limestone,  in  horizontal  bedding. 

Surface  Features. 

That  portion  of  the  county  which  is  covered  with  a  thick  deposit 
of  foreign  drift  presents  the  usual  monotony  of  surface,  character- 
istic of  the  drift  latitudes.  This  includes  the  most  of  the  western 
range  of  townships  across  the  western  end  of  the  county,  and  some 
portions  of  the  next  range  east.  There  are,  however,  even  within 
the  drift  area,  a  number  of  narrow,  deeply  cut  valleys,  with  precip- 
itous, rocky  bluffs,  having  very  much  the  nature  of  canons,  like 
those  of  the  driftless  territories  of  the   west.    Toward  the  east 
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these  deeply  cut  valleys  are  more  numerous.  All  the  little  streams, 
and  a  great  many  narrow  valleys  that  have  no  running  water  in 
them,  have  high,  rocky  blufb  along  their  whole  course.  These  val- 
ues and  streams,  constituting  the  drainage  system  of  the  county, 
converge  toward  the  valley  of  Root  river.  The  valley  of  this 
stream,  with  its  principal  tributaries,  presents  some  of  the  most 
remarkable  and  instructive  phenomena  of  erosion  to  be  found  in 
the  state.  It  passes  nearly  at  right  angles  across  the  strike  of  the 
formations.  These  are  alternating  limestones  and  sandstones,  with 
an  occasional  bed  of  soft  shale.  The  Trentun  limestone,  underlain 
by  the  easily  eroded  St.  Peter  sandstone,  the  same  as  at  the  falls  of 
St.  Anthony,  although  about  a  hundred  and  sixty  feet  in  thickness, 
is  eaten  into  by  the  retroaction  of  the  water  as  it  plunges  over  the 
falls  at  the  point  where  the  streams  cross  the  line  of  its  super- 
position over  the  St.  Peter,  until  they  have  each  excavated  in  the 
Trenton  a  deep  channel  flrom  15  to  80  miles  in  extent.  Through 
the  Ime  of  strike  of  the  St.  Peter  these  valleys  are  widened  out, 
the  surface  of  the  low  ground  within  the  bluflb  being  usually  one  of  ' 
rich  meadow  with  undulating  surface,  from  one  to  two  hundred  feet 
below  the  general  level.  The  Lower  Magnesian  Formation  is  entered 
upon  by  the  streams  while  they  are  yet  a  good  many  miles  within 
the  general  area  of  the  Trenton.  As  this  formation  consists  of  three 
members,  (two  limestones,  separated  by  a  sandstone*  about  80  feet 
in  thickness,)  it  repeats  the  succession  of  phenomena  witnessed,  in 
the  erosion  of  the  Trenton  and  St.  Peter.  As  the  water  leaves  the 
Shakopee  limestone  and  enters  upon  th6  Jordan  sandstone,  it  passes 
over  a  series  of  rapids,  or  a  fall  of  several  feet  perpendicular,  which 
falls  or  rapids  undergo  a  process  of  recession  under  the  same  causes  as 
produce  the  recession  of  the  Ttrenton-St.  Peter  falls.  Again,  when 
the  stream  passes  fh>m  the  St.  Lawrence  limestone  upon  the  St. 
Croix  sandstone  the  same  coi^unction  of  circumstances  causes 
another  rapid  or  water-fall.  Thus  by  a  series  of  steps,  more  or 
less  evident,  the  branches  of  Boot  river  des6end  Arom  the  area  of 
the  Gralena  limestone  to  the  St.  Croix  sandstone.  The  valleys 
widen  in  the  sandstone  areas,  and  become  abruptly  narrow  in  the 
limestone  belts.  In  passing  down  a  stream,  within  a  sandstone 
area,  where  the  valley  is  perhaps  half  a  mile  wide,  with  tilled  farms 
in  the  bottom  land,  the  high  bluffs  being  remote  from  the  stream, 
the  first  indication  of  an  approaching  change  in  the  formation  is  the 
rise  of  a  terrace  along  the  immediate  river  bank,  with  an  occasional 
exposure  of  lime  rock  facing  the  water.  This  terrace,  which  be- 
oomes  almost  continuously  rocky,  rises  slowly  till  it  exposes  the  full 
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thickness  of  the  rock  which  causes  it.  On  the  other  hand,  the  first 
evidence  of  a  change  from  limestone  to  sandstone,  Yisible  in 
descending  the  stream,  is  the  occarrence  of  a  waterfall  or  rapid. 
Snch  changes  produce  water-powers,  many  of  which  have  been 
improved.  Hence,  the  location  of  a  flouring  mill,  on  one  of  the^e 
branches,  is  an  intimation  to  the  geolgist  that  at  that  point  one  of 
his  boundary  lines  crosses  that  stream.  Around  these  points  gath- 
ered the  first  village  settlements.  Preston  is  located  where  the 
water-power  formed  by  the  descent  of  the  liver  from  the  Shakopee 
on  to  the  Jordan  induced  the  construction  of  mills.  The  water- 
power  at  Chatfield  is  formed  in  the  same  way.  Near  Fillmore  the 
branches  of  Root  river,  known  as  Deer  and  Bear  creeks,  afford  good 
water  powers  by  their  descent  from  the  lower  Trenton  to  the  St. 
Peter.  Mills  have  been  built  at  both  points.  On  the  south  branch 
of  Boot  river,  above  Forestville,  the  stream  leaves  the  Trenton,  and 
the  waterfall  has  been  improved  in  the  same  manner,  at  Baldwin's 
Mill.  The  same  fact  is  illustrated  by  a  great  number  of  eastward 
flowing  streams,  in  the  eastern  border  counties,  between  Fillmore 
county  and  the  falls  of  St.  Anthony  at  Minneapolis.  Of  course, 
rapids  are  also  likely  to  be  formed,  especially  in  small  streams, 
when  passing  through  the  areas  of  rock  of  uniform  hardness.  Snch 
water-powers,  and  others  that  are  formed  by  the  construction  of 
dams,  do  not  fall  into  this  class. 

While  the  immediate  valleys  of  Boot  river  and  its  tributaries  are 
apt  to  be  rocky,  the  country  that  spreads  out  in  either  direction, 
after  leaving  the  valleys,  is  not  rough.  It  is  rolling,  or  undulating. 
In  the  eastern  portion  the  rocks  are  covered  by  a  heavy  deposit  of 
rich,  clayey,  loam,  known  as  the  loess^  which  fllls  up  many  depres- 
sions and  lends  a  uniform  and  remarkable  fertility  to  the  soil.  It 
constitutes  the  soil.  The  farms  are  all  well  drained,  naturally.  The 
county  contains  no  lakes.  In  York  township  there  is  a  slough  which 
on  some  maps  is  represented  as  a  lake.  It  is  about  a  quarter  of  a 
mile  across.  The  Trenton  area  is  distinctly  separated,  topographi- 
cally, from  that  of  St.  Peter  and  the  lower  formations.  From  the 
Trenton  to  the  Lo^er  Magnesian  the  surface  descends  by  a  step  or 
terrace,  about  125  feet.  Some  of  the  Trenton  areas  are  isolated  from 
the  main  area,  and  constitute  small  tables  or  mounds,  which  are  well 
known  as  '^  Trenton  mounds  *'  in  the  early  reports.  Some  travelers 
have  referred  them  to  the  agency  of  the  ancient  ''  mound  builders,'' 
and  a  good  many  of  the  residents,  who  are  not  aware  of  the  geolog- 
ical causes  fhat  have  produced  them,  still  believe  that  they  are 
artificial  instead  of  natural.    From  some  of  the  elevated  Trenton 
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areas,  overlooking  the  river  valleys,  magnificent  views  of  landscape 
may  be  had.  From  the  elevated  Trenton  area  in  Newburg  town- 
ship, the  eye  looks  over  the  valley  of  S.  Boot  river,  and  can  almost 
discern  the  Trenton  blaffs  on  the  opposite  slopes  of  Boot  river  in 
the  northern  part  of  the  coanty .  From  the  peninsula  of  the  Trenton 
ninning  north  between  Camp  and  Willow  creeks,  in  Preston  town- 
ship, the  village  of  Fountain  is  plainly  discernible  across  the  valleys 
of  the  S.  Branch  of  Boot  river  and  Watson's  creek^  with  a  wide  ex- 
panse of  alternating  timber  and  prairie  between,  while  on  either  side 
is  a  broad  undulating  valley  of  prairie  land.  On  the  east  is  Camp 
creek  valley,  and  on  the  west  is  that  of  Willow  creek.  These  valleys 
are  deep  and  wide,  but  owing  to  the  thickness  of  the  loess  loam^ 
the  slopes  are  gentle  and  broad,  and,  in  the  fall  of  the  year,  when 
the  industry  of  the  farmer  is  exhibited  in  the  plowing  of  his  wheat 
fields,  and  the  threshing  of  his  last  crop,  in  every  direction  may  be 
heard  the  rattle  of  threshers,  often  running  by  steam,  and  may  be 
seen  a  hundred  teams  preparing  for  the  next  harvest.  Another 
magnificent  view  may  be  obtained  from  the  Trenton  peninsula  on 
sees.  10  and  15  in  Carrollton.  From  here  the  view  extends  north 
over  the  valley  of  Boot  river  to  the  Trenton  blufTs  along  the  north 
boundary  of  the  county,  a  distance  of  over  forty  miles,  and  toward 
the  south  over  the  valley  of  the  S.  Branch  of  Boot  river,  looking 
over  Preston  and  Lanesboro,  which  are  situated  within  the  river 
bluffs,  so  far  below  the  general  level  of  the  country,  that  they  can 
be  seen  but  a  short  distance  before  reaching  them. '  Further  down 
Boot  river  valley,  the  gorge  in  which  the  river  runs  becomes  wider, 
being  at  Bushford,  about  two  miles  in  width  with  fine  farm  lands  in 
the  bottoms.  The  bluffs  are  rounded  off  with  age  and  have  a  thin 
soil,  generally  turfed,  though  showing  frequent  rock  exposure.  The 
river  is  there  565  feet  below  the  tops  of  the  bluffs,  as  measured  by 
aneroid.  At  Whalen,  in  Holt  township,  the  river  is,  by  the  same 
measurement,  470  feet  below  the  top  of  the  Trenton  terrace  on  sec. 
20.  Whalen's  Bluff  is  260  feet  high  above  the  river.  At  Lanesboro, 
in  Carrollton,  the  river  is  285  feet  below  the  immediate  river  bluffs, 
which  consist  wholly  of  the  Lower  Magnesian  f6rmation,  and  about 
440  feet  below  the  top  of  the  Trenton  terrace  on  sec.  20,  Holt.  At 
Preston  the  river  at  the  stone  mill  is  385  feet  belotf  the  Trenton 
terrace,  which  forms  the  general  level  about  a  mile  south  of  the 
village.  At  Isinours  Station  the  river  runs  145  feet  below  the  top 
of  the  Shakopee  limestone  which  forms  there  the  brow  of  the  im- 
mediate river  bluffs.  At  Forestville,  the  height  of  the  country, 
north  of  the  village,  above  the  river,  is  285  feet.    The  immediate 
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river  blafb  are  190  feet  above  the  mill  pond.  At  Chatfield,  the  river 
is  about  222  feet  below  the  general  level  of  the  country.  At  Fillmore, 
the  prairie  upland  is  200  feet  above  the  river  level.  From  Fountain 
to  Isinours  station,. the  track  of  the  Southern  Minnesota  railroad  de- 
scends 401  feet,  passing  fh>m  the  upper  Trenton  to  the  St.  Lawrence, 
and  entering  the  latter  formation  about  25  feet,  the  rocks  all  lying 
nearly  horizontal  At  Weisbeck's  Mill,  on  Deer  Creek,  section  11, 
Spring  Valley,  the  river  is  205  feet  below  the  general  level  of  the  coun- 
try. There  is  here  a  little  drift,  but  the  cut  is  mostly  in  the  Galena 
and  Trenton  limestones.  The  village  of  Fountain  is  about  850  feet 
higher  than  the  terrace,  at  Preston,  on  which  the  Stanwix  House 
stands.  These  measurements  might  be  multiplied,  but  enough  have 
been  given  to  show  the  unevenness  of  the  surface,  due  to  erosion. 
The  rocks  lie  everywhere  nearly  horizontal.  The  varied  topography 
of  the  county  is  due  to  the  influence  of  running  water,  and  atmos- 
pheric forces,  on  the  rocks,  combined  with  their  alternations  of  lime- 
stone with  soft  sandstone.  The  limestones  are  firm,  and  resist 
these  forces  much  longer  than  the  sandstones.  They  alternate  in 
the  following  manner,  in  descending  order : 

Trenton  limestone. 
St.  Peter  sandstone. 
Shakopee  limestone. 
Jordan  sandstone. 
St.  Lawrence  limestone. 
St.  Croix  sandstone. 

The  limestones  form  the  prominent  features  in  the  topography. 
They  have  the  most  Arequent  outcrops.  They  project  along  the 
summits  of  the  bluffs,  and  constitute  the  brows  of  benches  or  ter- 
races that  diversify  the  county.  The  sandstones  never,  or  very  sel- 
dom, appear  in  the  tops  of  the  bluffs.  They  outcrop  in  sheltered 
nooks,  or  below  the  line  of  the  limestone  exposure.  They  are  more 
likely  to  be  hid  by  soil  and  turf.  The  lower  Trenton  contains,  be- 
sides about  20  feet  above  the  St.  Peter  sandstone,  a  layer  of  easily 
eroded  green  shale,  which,  outcropping  by  roadsides,  introduces  a 
series  of  springs  and  muddy  spots,  being  impervious  to  water,  that 
invariably  follows  that  boundary  line  wherever  it  goes.  It  with- 
stands the  disintegrating  action  of  the  elements  even  more  success- 
fully than  the  limestones  themselves.  For  that  reason  it  protects 
that  portion  of  the  Trenton  which  lies  below  it,  long  after  that  which 
lies  above  it  has  been  entirely  denuded.  The  strike  of  the  upper 
Trenton  is  often  driven  back  several  miles  from  that  of  the  lower 

Trenton.    The  lime  rock  which  lies  below  this  shale  is  about  20  feet 

/ 

Digitized  by  \J3KJKJWIK. 


SUBYET   OF  HINKEBOTA.  19 

thick.  The  singular  Trenton  mounds,  which  have  already  been 
mentioned,  are  composed  of  the  lower  Trenton  protected  by  a  great- 
er or  less  thickness  of  the  green  shale,  and  a  portion  of  the  St. 
Peter  sandstone.  The  subjoined  diagram  illustrates  the  manner  of 
weathering  down  of  the  Trenton  and  St.  Peter.  Instances  of  this 
may  be  seen  in  almost  any  square  jnile,  in  the  loam-covered  area, 
along  the  outrunning  strike  of  the  Trenton. 
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At  a  the  Trenton  has  its  flail  thickness,  about  160  feet./  Such  a 
point  may  be  found  at  Fountain ;  b  represents  an  outcrop  of  the 
upper  Trenton,  as  seen  along  the  gorgeB  that  are  t^quent  in  the 
Trenton  area.  Such  an  outcrop  is  visible  at  the  '^Big  Spring,"  a 
few  miles  northwest  of  Fountain,  where  the  water  rushes  out  in  a 
great  volume  near  the  base  of  the  bluff,  and  probably  on  a  level 
with  the  top  of  the  Green  Shale.  At  c  is  a  marshy  tract,  or  one 
that  is  gently  sloping,  having  a  springy  margin,  near  the  brow  of 
the  lower  bluff.  Such  spots  are  visible  particularly  at  Chatfield,  in 
the  northern  part  of  the  village,  near  Jacob's  lime-kiln,  and  w^st  of 
there.  A  fine  illustration  of  the  effect  of  this  shale  on  the  surface 
drainage  may  be  seen  in  section  35,  Holt,  where  a  copious  spring 
issues  from  near  the  top  of  the  mound  of  Trenton,  the  water  being 
shed  by  the  shale  overlying,  and  is  gathered  by  troughs  into  a  tank 
for  watering  stock,  i  represents  the  outcropping  edge  of  the 
lower  Trenton,  It  is  this  which  is  seen  in  the  summits  of  the  iso- 
lated mounds,  and  which  forms  the  conspicuous  shoulder  that  exists 
wherever  the  strike  of  the  lower  Trenton  crosses  the  county.  The 
slope  e  is  occupied  by  the  St.  Peter  sandstone.  Sometimes  this  is 
quite  precipitous,  and  its  upper  forty  or  fifty  feet  are  very  apt  to  be, 
but  its  lower  portion  is  generally  very  gently  descending,  so  that  it 
is  impossible  to  determine  when  it  is  replaced  by  the  Shakopee 
which  underlies  it.  The  horizontal  distance  between  b  and  d  is 
sometimes  several  miles.  This  is  apt  to  be  the  case  along  the  east- 
em  margin  of  the  Trenton  area.  Indeed  the  detached  Trenton 
areas  in  Holt  and  Amherst,  and  notably  that  in  Pilot  Mound,  town- 
ships, comprise  only  this  lower  portion  of  the  Trenton.  The  Shak- 
opee limestone,  /,  underl3ring  the  St.  Peter,  is  that  which  occurs 
along  the  tops  of  the  immediate  bluffs  of  the  river,  as  at  Preston, 
Lanesboro,  Clear  Grit  and  Whalen.  At  Chatfield  it  is  seen  at  the 
mill,  and  rises  about  thirty  feet  above  the  river. 

Throughout  the  Trenton  area  are  found  a  great  many  depressions 
that  are  well  known  as  ^'sink-holes."  These  consist  of  broken 
down  spots  in  the  drift,  or  loam,  where  it  had  been  spread  over  a 
pre-existing  canon  in  the  rock.  In  some  places  they  are  very  nu- 
merous, but  they  are  confined,  so  far  as  known,  with  but  a  single 
exception,  to  the  Trenton  areas.  They  throw  some  light  on  the 
condition  of  rocky  surface  prior  to  the  period  which  witnessed  the 
spreading  of  the  drift.  The  rock  was  wrou^t,  at  least  in  Fillmore 
coonty,  in  very  much  the  same  manner  as  we  now  see  it  along  the 
river  gorges.  The  immense  valleys  of  erosion  which  we  see,  not 
only  in  Fillmore  county,  but  also  throughout  the  tract  that  has  been 
denominated  the  ^'DrifUess  area,"  were  excavated  ^^Pb|^S)^^4^ 
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period.  .  When  the  streams  of  the  present  time  ran  in  sach  goi^es 
they  have  been  so  located  by  the  exigencies  of  surface  drainage 
and  erosion  since  the  glacial  epoch.  That  these  gorges  antedate 
the  glacial  period  is  shown  by  their  existence  beneath  the  glacial 
drift.  These  sink-holes  sometimes  occur  in  lines,  and  with  increas- 
ing frequency  and  size  toward  a  large  valley,  and  at  last  coalesce 
so  as  to  form  a  continuous  valley,  though  frequently  without  run- 
ning water,  that  becomes  tributary  to  the  larger  gorge.  These 
gorges  under  the  drift  can  sometimes  be  traced  for  some  distance 
by  a  series  of  successive  sink-holes.  Sometimes  streams  are  lost 
in  them,  and  reappear  at  lower  levels.  There  are  several  well- 
known  subterranean  passages  in  the  county.  Lost  Creek,  in  Jordan 
township,  and  the  Brook  Eiedron,  in  Sumner,  both  have  undei^round 
passages  for  several  miles.  Canfield  Creek,  south  of  Forestville, 
runs  underground  about  twelve  miles,  and,  finally,  the  south  branch 
of  Boot  River  sinks  on  the  northeast  quarter  of  section  19,  For- 
estyille,  and  runs  underground,  except  in  high  water,  to  about  the 
center  of  section  21,  where  it  reappears  again.  These  underground 
passages  are  in  the  area  of  the  Trenton.  They  indicate  the  corru- 
gated surface  the  country  presented  prior  to  the  overspreading  of 
the  drift  and  loess  loam.  The  Trenton  cannot  be  supposed  to  have 
been  any  more  subject  to  such  causes  as  produced  this  channeling 
in  the  rock  than  the  other  formations  of  the  Lower  Silurian.  There 
is  some  reason,  however,  why  these  gorges  are  found  almost  entire- 
ly confined  to  that  limestone.  As  has  been  said,  the  rest  of  the 
Lower  Silurian  consists  of  alternating  sandstones  and  limeatones, 
which  conduces  to  their  breaking  down  laterally,  the  sandstones 
easily  crumbling  out.  The  Trenton  limestone,  on  the  other  hand, 
while  it  has  a  thickness  of  160  feet,  more  or  less,  has,  near  its  base, 
a  bed  of  impervious  shale,  which  prevents  the  downward  infiltration 
of  the  surface  water,  and  protects  the  underlying  sandstone.  Hence 
the  erosions  that  operate  laterally,  in  tearing  down  the  other  Lower 
Silurian  formations,  are  occupied,  in  the  Trenton  limestone  area,  in 
cutting  narrow  perpendicular  gorges.  For  this  reason  the  Trenton 
area  is  everywhere  the  highest  in  the  county.  From  the  eastern 
boundary  of  the  Trenton,  looking  east,  one  beholds  a  broad  land- 
scape lying  several  hundred  feet,  in  some  places,  below  him,  the 
effect  of  the  more  rapid  denudation  of  the  rocks  of  that  portion  of 
the  county.  Into  such  narrow  gorges  neither  the  drift  nor  the  loess 
loam,  however  deposited,  would  enter  with  such  compactness  as  to 
close  up  the  pre-existing  water  courses ;  and  when  partially  closed 
up,  as  they  were  wherever  sink-holes  have  since  appeared,  they 
have  been  undergoing  ever  since  a  process  of  re-excavation.     This 

Digitized  by  K^KJKJWIK. 


8UETET  OF  immssoTA.  28 

process  is  revealed  in  the  occasional  collapsing  of  the  surface  soiU 
and  the  formation  of  a  new  sink-hole,  and  in  the  enlargement  of 
others,  since  the  settlement  of  the  county.  The  following  notes  on 
the  various  towns  of  the  county  show  the  distribution  of  timber, 
the  area  and  the  magnetic  variation  at  the  time  of  the  United  States 
township  survey  (1854.)  The  distribution  of  timber,  however,  as 
herein  noted,  varies  somewhat  from  the  actual  facts  as  existing  at 
the  present  time.  The  areas  of  timber  as  they  exist  now,  are  more 
correctly  shown  on  the  accompanying  map,  which  is  based  on  that 
of  the  county  published  in  Andreas'  Atlas  of  Minnesota. 

In  addition  to  the  timbered  areas  as  here  noted,  a  great  propor- 
tion of  the  county  is  covered  with  bushes  ^hich  are  composed  of 
hazel,  aspen,  oak  (two  sorts)  and,  where  these  are  wanting,  a 
species  of  low  willow  which  seems  to  come  up  first  after  the  prairie 
fires  are  stopped.  After  the  willow,  hazel  and  oak  and  aspen  grad- 
ually come  in,  and  in  time  convert  the  original  prairie  to  a  bushy  or 
timbered  region.  Over  a  great  deal  of  the  county  this  process  is 
going  on.  There  are  thousands  of  acres  of  young  native  timber  not 
exceeding  five  or  six  inches  in  diameter. 

The  general  elevation  of  the  county  above  the  sea  may  be  seen 
from  the  following  points  along  the  Southern  Minnesota  B.  B. : 

Rushford  Depot 711  feet. 

Lanesboro  Depot 881  feet. 

Islnour's  Station 888  feet. 

Fountain  Depot 1 ,889  feet. 

Grand  Meadow,  Mower  Ck>unty 1,825  feet. 

Notes  from  the  Surveyor's  Plats  of  Towns  ofFiUmore  Co. 

Newhurg.     T.  101  JV.,  R.  8  W. 

A  large  portion  of  this  town  is  prairie.    In  the  N.  W.  corner  the , 
S.  Branch  of  Boot  river  introduces  a  broken  and  wooden  tract  in 
sees.  6,  5  and  4.    Thickets  of  small  timber  are  found  in  the  central 
and  southwestern  portions,  and  also  in  the  northeast.      Magnetic 
Variation  4^  45'  to  9©  22'.    Area,  28,046.64  acres. 

Preble.     T.  102  N.,  B.  8  W. 

This  town  is  mainly  wooded.  It  is  crossed  in  the  northeasterly 
direction  by  the  south  branch  of  Boot  river,  which,  with  its  tribu- 
taries brings  in  a  great  diversity  of  surface.    There  is  a  small 
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Drairie  patch  in  sections  25,  26,  34,  85  and  86.    Magnetic  Variation 
h  10'  to  9°  12'.    Area,  28,053.60  acres. 


Norway.     T.  lOS  N.,  B.  8  TT. 

An  irregular  patch  of  prairie  enters  this  town  flrom  the  sooth  and 
west,  becomes  narrow  in  the  central  portion,  but  expands  to  three 
miles  in  extent  N.  and  8.  in  the  northeastern.  This  prairie  belt  is  a 
divide  between  the  tributaries  of  the  South  Branch  and  of  Boot  river, 
and  is  broken  into  by  the  blulfs  that  accompany  those  tributaries  and 
extend  beyond  the  limit  of  flowing  water.  Variation  6^  46'  to  9^  10'. 
Acreage,  28,012.08. 

Rushford.     T.  104  N.^  R.  8  W. 

The  only  prairie  land  found  in  this  town  is  that  along  the  bottom 
land  of  Boot  river  lying  within  the  rock  blufOs.  This  is  marshy,  ex- 
cept along  the  tributary  valleys.  Boot  river  crosses  the  central  part 
of  the  town,  and  flows  several  hundred  feet  lower  than  the  level  of 
the  adjoining  country.  Magnetic  Variation  5°  45'  to  9©  6'  Acreage, 
28,149.13. 

GafUon.     T.  101  N,  R.  9  TF. 

This  township  is  wooded,  except  in  the  northeastern  and  south- 
eastern portions,  and  a  small  area  entering  ft'om  the  west  covering 
sees.  18  and  19.    Mag.  Var.  7^  5'  to  lOo  56'.    Acreage,  28,054.32. 

Amherst.     T.  102  N.^  R.  9  W. 

The  larger  portion  of  this  town  is  prairie,  broken  with  patches  of 
thicket  and  heavier  timber.  Mag.  Var.  7^  42'  to  10°  50'.  Acreage, 
28,045.72. 

HoU.     T.  108  N.,  R.  9  W. 

A  prairie  tract  covers  sees.  25,  85  and  86,  and  a  portion  of  81. 
With  this  exception,  and  the  wet  prairie  within  the  river  bluffs,  this 
town  is  wooded.  The  Boot  river  passes  through  sections  7,  8,  9, 
8  and  2.  Mag.  Var.  5°  12'  (N.  side  of  sec.  8)  to  14°  51'  (N.  side  of 
sec.  5).    Acreage,  28,046.70. 
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ArendcM  T.  104  N.,  S.  9  W. 

The  prairie  portion  is  in  the  northwest  and  centre.  A  belt  of  tim- 
ber skirts  along  the  northern  boundary,  and  on  the  east  unites  with 
the  timber  of  the  Boot  river  valley  in  the  soatheast.  About  one- 
half  of  the  town  is  timbered.  Mag.  Var.  5°  21'  to  17©.  (The  for- 
mer is  on  the  south  side  of  sec.  83,  and  the  latter  on  the  south- 
west part  of  the  same  section.)    Acreage,  23,007.34. 

Harmony.     T.  101  N.,  S.  10  W. 

This  town  is  represented  as  all  wooded  except  about  one  section, 
covering  parts  of  14,  13,  23  and  24  ;  and  about  half  a  section  cov- 
ering contiguous  portions  of  sees.  18  and  19.  (There  seems  to  be 
an  error  in  the  plat  of  this  town.  The  central  portion  is  probably 
prairies)    Mag.  Var.  9^  26'  to  12©.    Acreage,  28,018.72. 

Presion. '  T.  102  N.,  S.  10  W. 

This  town  is  greatly  diversified  with  frequent  changes  from  prairie 
to  thicket  and  timber.  The  Boot  river,  which  enters  it  in  section  6, 
soon  leaves  it  on  section  5,  but  by  its  deeply  eroded  valley  has 
brought  in  a  marked  diversity  of  surface,  accompanied  by  more  or 
less  timber.    Mag.  Var.  9o  17'  to  12""  12".  Acreage,  23,008.29. 

OarrolUan.    T.  103  N.,  S.  10  W. 

There  is  but  little  prairie  in  this  town.  The  only  parts  so  repre. 
sented  being  in  sections  35  and  36,  and  the  northern  portion  of  sec- 
tion 6.  A  tract  of  heavy  timber  occurs  in  the  northwest,  sections 
7  and  8.  The  valley  of  th^  Boot  Biver,  though  very  rough,  is  not 
always  wooded.   Mag.  Var.  6""  12'  to  13°  45'.    Acreage,  23,026.34. 

POot  Mound.    T.  104  JVl,  S.  10  W. 

In  the  northeastern  part  there  is  a  prairie  tract  and  also  in  the 
northwestern,  but  the  greater  portion  is  represented  as  wooded,  or 
covered  with  brush  and  thickets.  The  Boot  river,  which  crosses  it 
in  a  southeasterly  direction,  brings  in  a  deep  valley  of  erosion,  with 
rock-bound  blnfb  several  hundred  feet  high.  Var.  SP  51'  to  13^  45^ 
Acreage,  22,998.57. 
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Bristol.    T.  101  N.,  S.  11  W. 

This  town  consists  of  prairie  and  thickets,  a  belt  of  the  former, 
friidening  to  5  miles  toward  the  west,  crossing  it  from  east  to  west. 
Mag.  Var.  10''  20'  to  12^  l(y.    Acreage,  28,026.98. 

Oarimona.     T.  102  N.^  it.  11  W. 

There  is  an  area  of  prairie  in  the  southwestern  comer  of  this  town, 
but  the  most  of  the  town  is  covered  with  sparse  timber,  with  patches 
of  heavy  timber.  It  has  a  great  many  ^'  sink  holes.**  Mag.  Var. 
8°  80'  to  120  15'.    Acreage,  28,071.37. 

Fountain.     T.  108  N.,  jB.  11  W. 

A  great  many  ^^  sink  holes''  also  are  found  in  this  town.  It  has 
small  patches  of  timber  or  oak  thickets,  scatterred  over  the  whole 
area,  and  a  considerable  heavy  timber  along  the  streams.  'Watson's 
creek  crossing  it  from  west  to  east,  is  the  cause  of  a  considerable 
diversity  of  surface.    Var.  8^  5'  to  11^  6'.    Acreage,  28,108.77. 

Cha^fiOd.    T.  104  K.,  B.  11  W. 

The  North  Branch  of  Root  river,  with  its  various  tributaries, 
causes  a  rough  and  sometimes  rocky  character  of  surface  to  prevail 
in  much  of  this  town.  It  has  bat  little  real  prairie,  though  there  are 
openings  in  the  thickets  and  oak  bushes  that  are  without  timber. 
Mag.  Var.  7^  51'  to  11^  2'.    Acreage,  28,022.68. 

York.     T.  101  N.,  B.  12  W. 

A  tract  of  wood  and  thicket  crosses  this  town  N.  and  S.,  abont 
two  miles  wide,  east  of  the  center.  The  rest  is  prairie.  Mag.  Var. 
^  49^  to  110  43'.    Acreage,  28,076.54. 

ForestviUe.     T.  102  JT.,  S.  12  W. 

The  central  part  of  this  town  is  covered  with  timber  and  small 
oaks  and  aspens.  It  has  a  tract  of  prairie  in  the  N.  W.  and  in  the 
S.,  both  together  covering  about  six  sections.  It  abounds  in  sink 
holes.    Mag.  Var.  9^  41'  to  12^  2'.    Acreage,  28,205.28. 
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FiUmore.    T.  108  271,  B.  12  W. 

There  is  a  region  of  heavy  timber  west  of  the  Middle  Branch  of 
Root  river,  in  this  town.  The  rest  is  prairie  interspersed  with 
thickets  and  patches  of  oak  brash  and  aspen.  Mag.  Var.  8^  40'  to 
110  42".    Acreage,  23,082.88. 

Jordan.     T.  104  N.^  R.  12  W. 

The  greater  portion  of  this  town  is  covered  with  heavy  timber, 
the  only  noteworthy  region  of  prairie  being  in  the  northwestern 
oonmr,  covering  sees.  6,  7  and  18,  and  parts  of  19,  20,  17,  8  and  6. 
Mag.  Var.  9o  42'  to  12^.    Acreage,  28,085.61. 

Beaver.    T.  101  N.^  S.  18  W. 

A  strip  of  timber  accompanies  the  valley  of  Sloogh  Creek,  across 
the  whole  of  this  town*  from  section  6  to  section  85,  and  the  rest  is 
of  praurie,  with  several  narrow  sloughs,  running  generally  north  and 
south.    Mag.  Var.  8^  59'  to  lio  15'.    Acreage,  28,072.50. 

moow^fiOd.    T.  102  JV;,  R.  18  Tf . 

There  is  an  irregular  area  of  timber  and  oak  brush  in  tiie  eastern 
and  central  part  of  this  town,  accompanying  and  spreading  north- 
ward flrom  the  valley  of  the  South  Branch  of  Root  river,  but  about 
two>thirds  of  the  whole  is  of  prairie,  with  a  few  sloughs  in  the  east- 
em  part.    Mag.  Var.  9^  8^  to  12o.    Acreage,  28,018.96. 

Spring  VaXLey.    T.  108  JV:,  S.  18  W. 

There  is  a  belt  of  prairie  covering  the  southern  tier  of  sections, 
including  parts  of  29,  28  and  27.  The  rest  is  sparsely  or  heavily 
timbered.    Var.  10^  15'  to  18^.    Acreage,  28,068.86. 

SwMMT.    T.  104  N.,  R.  18  W. 

The  southeastern  part  of  this  town  is  wooded,  but  more  than  one- 
half  is  of  pridrie,  and  flat.  Mag.  Var.  8''  25'  to  18<^  15'.  Acreage, 
22,915.69. 
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Sod  and  Timber, 

The  soil  of  the  ooonty  is  generally  very  fertile.  The  immediate 
surface  is  a  loam.  This  varies  in  color  and  composition,  as  well  as 
in  origin.  That  portion  of  the  county  covered  with  the  northern 
drift  has  primarily  a  drift  soil,  which  consists  of  gravelly  clay. 
Where  this  forms  the  immediate  surface,  which  is  the  case  only  on 
knolls  and  on  the  brows  of  the  river  bluffii,  it  affords  a  soil  of  an 
ashen  color,  if  dry.  In  timbered  belts  it  is  more  stony,  or  gravelly. 
In  the  open  prairies,  and  in  low  grounds,  it  is  covered  with  a  loam. 
This  is  believed  to  have  resulted  from  the  natural  decomposition  of 
the  coarse  materials  of  the  drift,  under  the  calcining  influence  of  the 
prairie  fires,  and  the  frosts  of  Ages.  It  has  never  been  seen  strati- 
fied, or  arranged  with  any  regularity  that  would  indicate  its  having 
been  deposited  either  by  standing  or  running  water.  In  most  cases, 
especially  on  the  open  prairie,  it  is  nearly  black.  As  it  is  mingled 
with  the  drift  clay,  it  becomes  lighter  colored.  In  the  low  grounds 
it  is  much  thicker,  and  also  of  a  black  color.  Overlapping  the  drift 
area,  in  a  belt  about  five  miles  wide,  is  a  soil  formed  by  the  ming- 
ling of  the  loess  loam  with  the  drift.  The  loess  loam  is  later  than 
the  glacial  drift,  and  in  the  process  of  deposition  it  is  modified  by 
contact  with  the  drift  clay.  The  loess  loam  is  indistinctly  strati- 
fied, though  it  usually  appears  massive,  and  consists  of  fine,  often 
clayey,  sediment.  The  soil  derived  from  it,  usually  sandy  and  light 
colored,  or  rusty,  is  sometimes  so  clayey  as  to  make,  when  wet,  a 
fine  and  very  slippery  mud.  The  soil  derived  distinctively  from  the 
loess  loam  covers  at  least  one-half  of  the  county,  and  is  supposed 
to  extend  to  the  Mississippi  river.  It  makes  a  rich  and  apparently 
a  strong  soil,  as  it  supports  a  cropping  of  wheat  from  year  to  year. 
It  is  impossible  to  define  its  western  limit.  If  it  were  derived  from 
a  long-standing  inland  lake,  some  beach  lines  would  be  found  indi- 
cating its  western  boundary.  No  beach  lines  have  been  found. 
That  it  was  deposited  from  standing  water  can  hardly  be  questioned. 
It  thins  out  westwardly  gradually,  passing  through  a  confrised  or 
mixed  condition,  resulting  from  the  mingling  of  the  drift  materials 
with  the  sediment,  or  by  its  overlapping  the  drift.  While  the  es- 
sentially loess  loam  soil,  of  the  eastern  part  of  the  county,  can  be 
distinguished  easily  frt>m  the  drift  soil  of  the  western,  no  line  of  de- 
markation  separating  them  has  been  noticed.  A  line  drawn  from 
the  southeast  comer  of  Bristol  to  the  northeast  comer  of  Jordan 
would  roughly  set  off  the  area  that  has  a  distinctively  loess  loam 
soil.  West  of  that  is  a  belt  five  or  six  miles  wide,  in  which  the  loess 
loam  soil  mingles  with  ithe  drift  soil.    The  rest  of  the  county  toward 
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the  west  is  occnpied  with  a  distinotiTely  drift  soil,  or  drift  loam 

80Q. 

The  following  list  embraces  sach  native  trees  and  shmbs  as  were 
seen  in  the  sorrey  of  the  county.  The  trees  are  arranged  in  the  es- 
timated order  of  fireqaency.  The  area  covered  by  native  timber  is 
steadily  increasing : 

Burr  Oak.    Qaercns  macrocarpa.    Michx. 

Bed  Oak.  Qaercns  rubra.  L.  {f)  [This  is  the  oak  thai  is  abundant  as 
nnderbrash,  and  small  trees.  It  often  forms  thickets  skirting  the  oatUnes 
of  a  prairie.] 

Aspen.  Popnlos  tremnloides.  3Rekx.  [Generally  small,  and  on  the 
borders  of  prairies.] 

White  Oak.  Qnercns  alba.  L,  [Common  in  the  timber  in  Spring  Valley 
and  Jordan  townships,  and  generally  along  the  valleys  of  the  principal 
streams.] 

Wild  Plnm.    Pronns  Americana.    Mar$h, 

Great-toothed  Poplar.  Popnlos  grandidentata.  Miehx.  [Very  Areqnently 
mistaken  for  the  American  Aspen  ] 

American  Elm.    Ulmiiis  Americana.    (PI.  Clayt.)     Willd, 

Bass.    Tills  Americana.    L. 

White  Ash.    Frazinns  Americana.    Z^. 

American  Crab.  Pyms  coronaria.  Z.  [Conmion  along  the  margins  of 
prairies  and  in  open  valleys.] 

Iron  Wood.    Ostrya  Virginica.     WUld. 

Bed  Maple.    Acer  mbmm.    X. 

Sngar  Maple.  Acer  saccharinnm.  Wang.  [Common  in  the  heavy  timber 
in  Spring  Valley  and  Jordan  towDship.] 

Cottonwood.    Popolns  monilifera.    AU. 

Black  Cherry.    Pmnas  serotina.    Ehr.    [Trees  generally  small.] 

Black  Oak.  Qnercns  tlnctoria.  Bart,  (?)  [Fonnd  in  the  heavy  timber 
in  the  northwestern  portion  of  the  connty. 

Bittemnt,    Carya  amara.    NtUt. 

Bnttemnt.  Jnglans  cinerea.  L,  [Seen  most  abundant  in  the  heavy 
timber  in  the  northwestern  part  of  the  connty.] 

Wild  Bed  Cherry.    Pmnns  Pennsylvanlca     L. 

Thorn  Apple.    Crataegus  coccinea.    Z. 

Cockspnr  Thorn.    Crataegus  Crus-galli.    L. 

White  Birch.  Betula  alba.  Var.  populifolla.  SJMCh,  (?)  [Trees  small; 
generaUy  on  stony  soil,  or  along  rocky  river  banks.] 

Black  Walnut.  Jnglans  nigra.  £.  [In  the  heavy  timber  of  the  north- 
western part  of  the  county.] 

Box  Elder.    Negundo  aceroides.  JfcBncA. 

Small  Cedar.  Junipems  Sabina,  X.  Var.  procumbens,  Ptor«A.(?)  [Along 
the  rocky  river  bluflb.] 

White  Pine.  Plnns  Strobus.  L,  An  occasional  large  tree  is  seen  along 
the  river  blnlfe ;  but  the  most  of  it,  suitable  for  lumber,  has  been  cut. 

Water  Beech.   Carpinus  Americana.   Miehx. 
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ShAff-bark  Hickory.   Carja  irib*.  NuU.     TSewi  in  the  tiU^  of  Boot 
rlrer,  and  in  the  tributary  gorges  at  Bosblbrd.] 
Smooth  Snmac    Bhns  glabra.  X. 
Cornel.    CorDos  panlculata.    L*Her. 
Cornel.    Gomns  drclnata.    L*Ber. 
Wolf  berry.    Symphoricarpns  occldentalis.    B.  Br, 
American  Woodbine.    Lonicera  grata.    AU. 
Jnneberry.    Amelanchier  Canadensis.    Torr.  and  Otaif. 
Hazelnut.    Coiylus  Americana.    WaU. 
High  Blackberry.    Bubus  tIUosus.   AU. 
BedBasperiy.    Bubus  strlgosus.   iBdix, 
Black  Baspberiy.    Bubus  occidentalls.    £. 
Dwarf  Wild  Bose.    Bosa  lucida.    Ehr, 
Pipe  Vine.    Aristolochia  Sipho.    X'JTer.  (f) 
Orape.   Yltis  cordifolia.   Miehx. 
Virginia  Creeper.   Ampelopsis  quinguefblia.  JHieto. 
Nine  Bark.    Spiraea  opulifolia.    L, 
Sheep-beny.    Viburnum  Lentago,    L, 
Staghom  Sumac.    Bhus  typhina.    X.    (Bare.) 
Bittersweet.    Celastms  scandens.    X. 
Bose.    Bosa  blanJa.    Ait. 

The  Gfeologicdl  Structure. 

The  rocks  of  the  coanty  belong  to  the  Devonian  and  to  the  Up- 
per and  Lower  Silarlan  ages.  The  Cretaoeoos  also  i^pears  in  Sum- 
ner township,  in  the  extreme  northwestern  corner  of  the  county. 
They  occur  as  arranged  in  the  following  order,  with  their  approxi- 
mate thicknesses : 

1.  Cretaceous.  Thickness  unknown,  perhaps  100  feet,  lying  unconlbnn- 

ably  on  the  older  rocks. 

2.  Upper  Devonian.    Hamilton.         i  ino  f  t.? 

8.    Lower  Devonian.  Comifterous.(?)  5 ^ 

4.    Niagaraof  the  Upper  Silurian 90a-350fbet. 

6.    Maquoketa  (Cincinnati)  of  the  Lower  Silurian *75-100  Ibet. 

6.  Galena,  of  the  Lower  Silurian 75-100  ftet 

7.  Trenton,  of  the  Lower  Silurian 160feet 

8.  St.  Peter,  of  the  Lower  Silurian ISSfeet 

9.  Shakopee,        -^  (      ^^  ^^^ 

10.  Jordan,  >  Lower  Magnesian  of  the  Lower  Silurian, )  35-40  feet 

11.  St.  Lawrence, )  v     200  feet. 

12.  St.  Croix,  of  the  Lower  Silurian,  exposed 876  feet 

With  the  exception  of  the  Cretaceous  these  formations  have  a 
Mtrike  across  the  oonnty  northwest  and  southeast.    They  have  a 

*  Geology  of  Wlseonsln,  Vol.  1.  p.  18L: 
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gentlA  dip,  «t  least  theoretiealfy,  toward  lAie  sonthwaat,  liioiigh  &o 
general  dip  is  perceptible.  The  oldest  rock  in  the  ooanty  is  the  St. 
Croix  sandstone,  which  appears  in  the  northeastern  corner  of  the 
eoonty.  The  latest,  except  the  Cretaceous,  is  the  Devonian,  in  the 
sonthwestem  part  of  the  county.  The  areas  of  outcrop  are  shown 
by  the  colored  map  of  the  county  accompanying  this  report.  The 
boundary  between  the  Trenton  and  the  St.  Peter  is  the  most  accu- 
rately defined,  owing  to  the  terrace  which  marks  it.  The  boundary 
between  the  St.  Peter  and  Shakopee  it  is  impossible  to  ascertain 
certainly,  because  of  the  universality  of  the  loam,  which  acts,  in 
that  respect,  just  the  same  as  a  heavy  drift  deposit,  and  also  be- 
eanse  of  the  persistency  of  the  Shakopee  compared  to  that  of  the 
St.  Peter.  When  the  friable  rock  is  below  a  hard  and  persistent 
one,  as  the  St.  Peter  below  the  Trenton,  the  boundary  between 
them  can  be  traced  out  easily  by  the  resulting  topography ;  but 
when  the  soft  one  is  uppermost  it  wedges  out  imperceptibly  under 
the  loam,  or  drift,  and  one  cannot  say  when  it  is  all  gone.  In  the 
western  part  of  the  county  the  boundary  lines  are  all  obscured  by 
the  prevalence  of  the  drift.  The  Maquoketa  shales  have  not  been 
seen  in  the  county.  They  are  visible  in  the  blufb  of  the  Upper 
Iowa  Biver,  at  Lime  Springs,  about  three  miles  south  of  the  State 
line,  and  very  probably  continue  through  Fillmore  county,  in  the 
strike  of  the  Lower  Silurian. 

The  St.  Oroix  Sandstone. 

The  area  of  the  St.  Croix  sandstone  is  small.  It  only  occupies 
the  lower  portion  of  the  river  bluffs,  and  the  bottom  land  included 
between  them,  from  the  county  line,  near  Bushford,  to  near  Lanes- 
boro.  This  bottom  land  is  sometimes  two  miles,  or  more,  in  width, 
bat  it  is  an  alluvial  deposit,  and  never  reveals  the  rock.  The  only 
risible  outcrops  are  in  the  slopes  of  the  blufb.  This  sandstone  also 
enters  the  county,  in  a  similar  manner,  in  the  valley  of  the  South 
Branch  of  Boot  river,  and  extends  about  three  miles  west  of  the 
ooanty  line. 

Its  general  lUhologicdl  character  is  all  that  can  be  learned  of  this 
rock  fW>m  its  exposures  in  Fillmore  county.  The  opportunity  for 
examination  is  very  unfavorable.  The  bluflOs,  over  the  interval  oc- 
cupied by  it,  are  almost  universally  turfed,  and  a  heavy  talus  rises 
nearly  or  quite  to  the  lower  level  of  the  St.  Lawrence  limestone.  It 
is  in  general  a  light  colored  sandstone,  with  alternations  of  lime- 
stone, and  some  shale,  in  its  upper  portions.    The  sandstone  layers 
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onimble  easily.  Some  of  the  beds  are  of  a  very  ooane  grain,  bat 
the  qaartz  is  generally  white,  almost  transparent.  The  limestone 
layers  are  like  that  of  the  St.  Lawrence,  and  contain  a  few  fossils, 
none  of  which  have  been  studied  yet  with  care  sufficient  for  relisble 
specific  identification.  At  Whalen,  aboat  95  feet  of  the  St.  Croix 
sandstone  are  included  in  the  lower  slopes  of  the  bluflb.  This  thick- 
ness of  bedding  dis^>pears  below  the  river  level  before  reaching 
Lanesboro.  At  Bnshford,  the  sandstone,  and  talus  which  is  sap- 
posed  to  consist  mainly  of  sandstone,  rise  875  feet  above  the  river. 
Near  the  upper  portion  of  the  sandstone,  a  conspicuous  terrace  or 
line  of  frequent  exposure,  producing  a  shoulder,  may  be  seen  along 
the  creek  in  entering  Bushford  from  the  south. 

The  St.  Lawrence  Limestone. 

This  is  the  lowest  portion  of  the  Lower  Magnesian  formation  of 
Dr.  D.  D.  Owen.  In  the  annual  report  for  1878,  the  geology  of  the 
Minnesota  Valley  is  given.  It  is  there  announced  that  the  great 
formation  to  which  the  name  Lower  Magnesian  has  been  iqpplied« 
consists  of  three  distinct  members — ^two  limestones  separated  by  a 
sandstone — ^and  the  names  of  the  localities  where  these  members 
have  their  characteristic  outcrops,  in  that  valley,  were  ^>plied  to 
distinguish  them,  as  they  will  play  an  important  part  in  working 
out  the  detailed  geology  of  the  eastern  portion  of  the  state.  Since 
the  publication  of  that  report,  a  similar  subdivision  of  the  Lower 
Magnesian  has  been  discovered  in  the  state  of  Wisconsin,  and  it  is 
announced  m  the  American  Journal  of  Science  and  Arts,  for  June, 
1876,  by  Prof.  B.  Irving,  of  the  University  of  Wisconsin.  The 
county  of  Fillmore  lies  intermediate  between  the  two  points  at 
which  this  similar  alternation  of  parts  in  the  Lower  Magnesian  has 
been  identified,  and  may  throw  some  light  on  the  question  of  the  par- 
allelism of  these  principal  members.  Fillmore  county  is  separated 
from  the  Mississippi  river  by  one  county,  Houston,  which  is  24 
miles  in  width,  east  and  west,  and  borders  on  the  state  of  Iowa. 

The  area  of  this  limestone  is  embraced  in  that  which  is,  in  gen- 
eral, assigned  to  the  Lower  Magnesian  on  the  accompanying  map. 
Along  the  river  bluffki,  nearly  to  Bushford,  it  is  found  only  in  the 
lower  portion  of  the  limestone  belt,  as  the  Jordan  sandstone  and 
Shakopee  limestone  are  both  preserved,  and  overlie  it ;  but  toward 
Bushford  this  limestone  begins  to  be  the  only  one  that  is  found  in 
the  blufib,  the  other  members  of  the  lower  Magnesian  having  a 
strike  across  the  country  some  miles  in  either  direction  away  from 
the  immediate  valley.    There  are  places,  e^en  ftirther  east  still, 
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where  the  OYerl3mig  Jordan  and  Shakopee  are  preserved  and  appear 
in  the  tops  of  the  river  bloffs.  The  St.  Lawrence  extends  in  the 
blaffs  of  the  Boot  river  to  some  distance  above  Isinours'  Station, 
and  nearly  to  the  lower  mill  at  Preston.  The  valley  of  Watson's 
creek  at  Isinours'  Station  is  cut  about  26  feet  into  the  St.  Lawrence. 
At  Lanesboro  the  amount  of  the  St.  Lawrence  visible  is  about  195 
feet.  At  Whalen  165  feet  are  seen  in  the  upper  portion  of  Whalen's 
bloff.  At  Bushford  the  uppermost  190  feet  of  the  bluffs  are  of  the 
St.  Lawrence.  The  thickness  of  the  formation  is  not  far  from  200 
feet.    It  constitutes  the  principal  portion  of  the  Lower  Magnesian. 

The  St.  Lawrence,  in  Fillmore  county,  is  a  dolomitic  limestone^ 
with  some  of  its  layers  distinctly  arenaceous,  and  stained  with  green 
sand.  In  general,  its  bedding  is  regular  and  evident,  but  there  is 
a  thickness  of  about  15  feet  near  the  bottom  of  the  formation  in 
which  the  bedding  is  confused,  or  the  layers  are  lost  horizontally. 
Below  this  confused  bedding  are,  however,  about  25  feet  of  regular 
beds,  which  have  a  fine  even  grain,  and  though  not  plainly  arenace- 
oas,  yet  have  a  very  fine  grit.  On  fresh  surfaces  it  is  of  a  buff 
color,  varying  to  cream  color.  The  upper  portion  abounds  in  patches 
of  white  calcite.  There  are  also  in  the  upper  portion  spots  that 
show  thin,  concentric,  though  wavy,  laminations,  as  if  from  con- 
cretionary forces,  or  the  result  of  silicified  masses  of  foraminifers^ 
reminding  the  observer  of  the  laminated  masses  of  limestone  from 
the  Laurentian  containing  the  Eazoon  Canadense  of  Dr.  Dawson. 
Though  the  most  of  the  rock  of  this  formation  is  vesicular,  often 
coarsel}'  so,  it  is  much  used  for  building,  for  which  it  fhrnishes  both 
large  blocks  for  the  heaviest  masonry,  and  fine-grained  stone  that 
can  be  cut  into  delicate  forms.  When  cut  for  window  caps  or  sills 
the  cut  surfaces  are  nearly  white.  The  bedding  varies  in  thickness 
from  two  or  three  inches  to  two  or  three  feet,  and  sometimes  em- 
braces thin  beds  of  shaly,  light-colored,  fine-grained  rock  that  is 
useless  for  all  purposes. 

At  Clear  Grit  Mills,  in  the  valley  of  Boot  riVer,  the  St.  Lawrence 
begins  to  show  a  continious  line  of  bare  rock,  in  the  river  blnfi^, 
running  along  the  lower  slopes,  and  causes  a  shoulder  or  terrace  in 
the  general  descent.  A  quarry  near  the  mill-dam  shows  about  16 
feet  of  even  layers.  Above  these  are  the  layers  represented  in  the 
raihoad  cut  near  that  place.  These  are  light-colored,  dolomitic, 
vesicular,  abounding  in  patehes  of  calcite  with  some  chert,  and 
siliceous  concretions,  the  latter  sometimes  covered  with  limonite 
pseudomorphous  after  pyrite.  The  annexed  profile  exhibits  the  cut 
and  the  materials  exposed. 
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1^2. 


a.— LO688  Loam,  8  feet,  red. 
6.— Drift  QnTel,  4  feet,  red. 

c.  Jordan  Sandstone,  16  feet,  red. 

d.  St  Lawrence  Llmeetone,  30  feet. 


At  Whalen  the  St.  Lawrence  is  finely  exposed  in  the  blnff  that 
stands  in  the  valley  aboat  half  a  mile  below  the  village.  It  has 
here  been  considerably  qaarried,  and  furnishes  a  very  good  stone 
for  buildings.  It  lies  in  even  layers,  which  are  easily  broken  into 
desirable  size  and  shape,  fhmishing  a  good  cut-stone  of  close  grain, 
without  openings.  Of  the  155  feet  that  here  overlie  the  St.  Croix 
sandstone,  only  the  lower  portion  is  well  exposed.  The  exposed 
layers  are  separated  ftrom  those  seen  at  the  quarry  at  Clear  Grit  by 
an  interval  of  50  feet.  They  consist  of  the  following  parts,  aggre- 
gating 60  feet : 

1.  Slope,  hid  by  turf,  (St.  Lawrence) 95fieet. 

2.  Heavy  beds,  even  grained,  vesicular,  the  best  general  building 

stone SO  feet 

8.    Bedding  conftased,  not  evident,  lenticular 15  ftet. 

4.    Fine  grit,  regular  beds,  dolomitic 20  feet 

6.    Haid  arenaceous,  projecting,  fossUiflerouB  with  the  remains  of 

trilobites ; 6  feet. 


At  Lanesboro  the  St.  Lawrence  has  been  used  in  the  construction 
of  the  principal  buildings.  The  quarries  are  owned  by  the  Lanes- 
boro Company.  The  stone  presents  the  usual  characters,  but  has 
associated  masses  of  pyrite,  largely  converted  to  limonite,  showing 
octahedral  forms  of  crystals,  with  combinations.  In  some  of  the 
cherty  nodules,  are  found  small  orthorhombic  crystals  of  hydrated 
iron  peroxide,  formed  by  the  conversion  of  marcasite  into  limonite. 
This  iron  ore  is  quite  plentiful,  but  8eei:is  not  to  be  a  native  of  the 
rock.  It  embraces  crag  and  bog-ore  deposits,  and  is  referable  to 
the  drift  period.     (See  under  drift.) 
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T%6  J(yrdan  Sandstone. 

Thifl  sandstone,  lying  next  above  the  St.  Lawrence  limestone,  is 
not  80  frequently  seen  along  the  river  blnfb.  It  is  most  commonly 
embraced  in  that  interval  of  slope  that  comes  between  the  two  lines 
of  limestone  outcrop,  and  which  is  mostly  turfed  over,  as  in  the 
bloflls  at  Lanesboro,  and  at  points  between  Preston  and  Lanesboro. 
Farther  down  the  river,  where  the  strike  of  the  Shakopee  runs  back 
from  the  river  a  few  miles  on  either  side  of  the  valley,  it  occupies 
the  undulating  surface  between  the  immediate  river  bluffs  and  the 
boandary  of  the  Shakopee,  as  at  Rushford.  This  sandstone,  in  the 
Minnesota  valley,  has  been  mistaken  for  the  Potsdam,  the  overlying 
Shakopee  being  supposed  to  be  the  lower  portion  of  the  lower  Mag- 
nesian.  {Ovoen's  OeologiccU  Survey  of  WisconHn^  JcHoa,  and  Mtn^ 
nesota^  pp.  481-495.  See,  also.  Prof.  James  Hall's  "  Notes  on  the 
Geology  of  some  portions  of  Minnesota,  from  St,  Paid  to  the  Western 
part  of  the  State,*"  1865.) 

In  Fillmore  county  the  thickness  of  the  Jordan  is  not  so  great  as 
it  is  in  the  Minnesota  valley.  It  seems  to  vary  fh>m  25  feet  to  40 
feet.  At  Mankato,  in  Blue  Earth  county,  it  is  tally  fifty  feet  thick. 
It  is  uniformly  a  coarse  grained,  quartzose,  crumbling  and  light 
colored  sandstone.  It  is  sometimes  locally  stained  with  iron  from 
surface  water,  when  it  presents  a  reddish  or  rusty  color,  and  is  apt 
to  be  much  harder.  It  has  in  such  cases  a  shell  or  thin  coating  of 
harder  rock,  about  half  an  inch  in  thickness,  on  the  weathered  sur- 
faces, on  penetrating  which  the  grains  are  loosely  cemented,  and 
even  crumbling.  In  other  places,  it  presents  internally  a  streaked 
appearance,  due  to  the  stoppage  of  iron  filtering  through  its  strata. 
No  fossils  have  heen  found  in  it. 

One  of  the  best  exposures  for  examining  this  sandstone  may  be 
seen  at  Preston,  where  it  rises  25  feet  above  the  level  of  the  dver 
opposite  the  stone  mill,  and  is  surmounted  by  about  85  feet  of  the 
Shakopee  limestone.  The  bluff  itself  rises  about  95  feet  above  the 
river,  but  the  contents  of  the  upper  portion,  though  probably  of 
ihe  Shakopee,  are  not  certainly  known.  The  loam  covers  it.  The 
bedding  of  the  stone  here  is  regular,  though  in  some  places  a  little 
wavy,  and  is  of  all  thicknesses,  from  a  foot  to  three  or  four  inches. 

At  Lanesboro  the  Jordan  exhibits,  near  the  top,  a  finely  concre- 
tionary structure.  The  balls  vary  f^om  a  few  inches  to  nearly  a 
foot  in  diameter.  Some  of  them  are  elongated,  and  several  are 
frequently  united.  The  rock  itself  is  generably  friable,  and  crum- 
bles out,  leaving  the  concretionary  shapes  visible.    They  are  often 
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loosened,  and  roll  down  the  blaft.  They  lie  in  approximate  layers 
for  a  thickness  of  four  or  five  feet.  Some  of  them  are  pendant 
from  the  projecting  shelf,  and  stud  the  whole  under  surface.  They 
are  generally  spherical,  but  when  they  are  lengthened  perpendicu- 
larly, they  show  the  original  lamination  that  ran  through  the  rock, 
in  the  form  of  rings  and  ftirrows.  The  accompanying  view,  en- 
graved from  a  photograph  by  Andrew  EUickson,  of  Lanesboro, 
gives  an  imperfect  representation  of  this  portion  of  the  bluff.  This 
view  was  taken  near  the  mill  dam,  above  the  railroad  cut. 
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Fio.  3. 


Concretions  in  tb«  Jordan  Sandstone  at  Lanesboro. 
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At  Clear  Grit  the  Jordan  is  25  feet  thick,  and  is  exceedingly  fer- 
ruginous.   At  Lanesboro  it  is  about  40  feet  thick. 


The  Shdkqpee  Limestone. 

This  is  the  uppermost  member  of  the  Lower  Magnesian,  and  is  so 
named  from  the  village  of  Shakopee,  in  Scott  county,  on  the  Biin- 
nesota  river,  where  it  was  first  identified  as  a  distinct  and  entire 
member  of  the  great  Lower  Magnesian  Formation.  In  Fillmore 
county  it  is  more  frequently  seen  along  the  valley  of  Boot  river  and 
its  tributaries  than  any  other  formation.  As  it  lies  between  two 
sandstones,  each  of  which  easily  crumbles  away  under  the  operatioDS 
of  the  elements,  it  is  made  to  have  a  prominent  position  in  giving 
form  to  valleys  and  river  blufb. 
The  North  Branch  of  Boot  river  en- 
ters on  it  about  six  miles  northwest 
of  Chatfield,  in  Olmsted  county; 
the  Middle  Branch  near  the  town 
line  between  Chatfield  and  Jordan, 
and  the  South  Branch  but  a  short 
distance  below  Forestville.  South 
Boot  river  strikes  it  near  Henry,  in 
Amherst  township.  Thus,  through- 
out about  two-thirds  of  the  county, 
it  is  the  constant  companion  of  the 
traveler  along  the  river  valleys,  and 
it  meets  him  often  in  the  uplands, 
and  in  the  valleys  of  little  creeks.  ^ 
Its  effect  on  the  topography  is  to  i 
render  the  valleys  narrow,  rocky 
and  abrupt.  Within  the  general 
area  of  the  St.  Peter  sandstone 
and  the  Trenton  limestone,  it  pro- 
duces a  shoulder  in  the  descent 
from  the  uplands  to  the  valley. 
The  following  diagram,  taken  at 
Chatfield  on  the  northern  bounda- 
ry of  the  county,  illustrates  in  gen- 
eral the  effect  of  this  limestone  in 
producing  a  terrace  along  the  low- 
er slopes  of  the  river  bluffs,  with- 
in the  general  Trenton  area. 

The  descent  from   the    general 


Digitized  by 


Google 


SnSVXT  OF  HIHNXSOTA. 


89 


level  of  the  conntry  at  Chstfleld  (No.  1)  to  tbe  river  (No.  7)  ie 
about  222  feet,  of  which  about  30  feet  are  of  the  Shakopee>  the  de- 
scent from  the  Shakopee  to  the  river  being  at  the  river.  The  broad 
terrace  on  which  Chatfield  stands  is  constituted  of  the  Shakopee 
overlain  by  irregular  thicknesses  of  the  St.  Peter,  with  some  drift  and 
loam.  The  lithology  of  the  Shakopee  is  very  much  the  same  in 
Fillmore  county  as  it  has  been  described  in  former  reports  at  Mfin- 
kato  and  Shakopee,  in  the  Minnesota  Valley.  It  is  very  similar  to 
the  St.  Lawrence,  with  much  less  of  green  sand.    It  contains  at 

Chatfield  considerable  disseminated 
sand,  and  nodules  of  calcite.  The 
calcite  is  sometimes  purely  trans- 
parent, so  as  to  exhibit  the  double 
refraction  of  Iceland  spar,  parting 
into  large  rhombohedrons,  but  the 
most  of  it  is  opaque.  It  is  some- 
times interspersed  with  sand  grains 
taken  up  in  the  process  of  crystal- 
lization. These  are  so  abundant 
as  to  make,  of  some  crystalline 
masses,  a  sandstone  which  is  then 
nodular  and  hard,  with  warty  pro- 
jections. 

At  Parsley's  Ford,  centre  of  sec- 
tion 15,  Chatfield,  abridge  is  being 
built  over  the  river,  the  abutments 
^  afm    5  being  of  the  Shakopee  stone  taken 

6  Xm*.  I  out  near  the  ford,  on   Mrs.  Doyle's 

S  .sdK  aril   *  i^nd.    At  the  ford  the  river  is  on 

the  Jordan  sandstone.    There  has 

been  considerable  stone  cut  off  the 

blufb,  in  the  Shakopee,  for  use  in 

the  railroad  bridge  near  the  same 

S|^  H  place,  and  laid  up  in  heavy  blocks ; 

|S|£  but  much  of  the  Shakopee  is  in  ir- 

"■^  '  regular  and  thin   layers,  unfit  for 

such  use. 

At  almost  any  point  east  of  Chat- 
field and  Carimona,  the  Shakopee 
can  be  seen  by  one  crossing  the 
valley  of  Boot  river,  exhibitiug  its 
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peouliar  tendency  to  narrow  the  valley,  and  forming  a  conspicaoos 
bench  or  shoulder.  The  following  diagram  of  a  general  profile  sec- 
tion of  the  valley,  illnstrates  its  form  at  points  between  Preston  and 
Lanesboro ;  also  between  Chatfield  and  Lanesboro,  along  the  North 
Branch.    At  Preston  the  rocks  show  a  dip  to  the  south. 

At  Isinours'  Station  the  battlements  of  rock  that  enclose  the 
valley,  rising  about  80  feet  above  the  water,  are  of  the  Shakopee. 
There  is  an  undulating  ascent  thence  over  the  St.  Peter  to  near  the 
Trenton  terrace,  which  rises  nearly  perpendicular  about  50  feet 
Beyond  this  is  a  flat,  running  sometimes  but  8  or  10  rods,  bat  not 
infrequently  a  quarter  of  a  mile,  when  a  fhrther  gradual  ascent 
begins,  covering  the  Green  Shales  and  the  Upper  Trenton.  This 
last  ascent,  with  the  loam  that  here  covers  the  country,  generally 
makes  about  1 75  feet. 

At  Carimona,  the  Shakopee  is  visible  in  the  banks  of  the  river, 
rising  25  or  80  feet.    Its  average  thickness  is  about  75  feet. 

The  St.  Peter  Sand^one. 

The  thickness  of  this  well-known  formation  in  Fillmore  county 
does  not  vary  much  from  its  reported  thickness  in  the  central 
portion  of  the  state.  It  has  been  taken  at  125  feet.  At  Chatfield, 
it  measures,  by  aneroid,  122  feet.  In  lithological  characters  it  is 
also  the  same,  consisting  of  clean  white  sand  that  easily  crumbles. 
Near  Fountain,  an  exposed  section  near  the  top  of  the  formation, 
afforded  fragments  of  an  unknown  species  of  Idngtdepis^  the  first 
and  only  fossil  of  any  kind  that  has  ever  been  found  in  this  rock. 
The  following  section  was  taken  at  this  place.  It  Includes  the  over- 
lying lower  Trenton,  and  the  green  shales,  as  seen  at  the  quarry  of 
Mr.  Joseph  Taylor,  section  18,  Fountain. 

Section  Near  Fountain — Quarry  of  Joeeph  Taylor* 

No.  1.  Green  shale,  mixed  with  fragments  of  limestone  that  are 

eminently  fossillferons seen  Sftet. 

No.  2.  Limestone,  of  a  blaish-gray  color.  In  beds  Arom  fonr  to  six 
inches  thick,  tree  from  shale,  though  the  layers  are 
sometimes  thinly  separated  by  shaly  partings ...  10  feet. 

No.  8.  Arenaceous  and  fermglnons  shale,  alternating  horizontal- 
ly with  firmly  cemented  patches  of  sandstone 9  feet 

No.  4.  BCassive,  coarse  sand ;  white,  except  where  iron  stained, 
containing  irony  qnartzite  pebbles,  and  fragile  remains 
of  bivalves S  fiset. 
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No.  5.  Green  shale,  with  some  arenaceoas  and  calcareons  lami- 
nations      8  feet. 

No.  6.  Cemented   sandstone,  the  cement  being  shale  and  lime, 

forming  when  the  blnff  la  weathered,  the  floor  of  a  bench   1  foot. 

No.  7.  White  sand,  in  beds  that  are  aboat  one  foot  thick,  and 

horizontal 6  feet. 

No.  8.  A  conrse  in  the  sandstone  more  firmly  cemented,  forming 

another  table,  but  less  persistent  than  No.  6 1  foot. 

No.  8.  Massive  sandstone,  in  some  places  showing  an  obliqae 

lamination seen   6ftet. 

The  Sonthem  MinneBOta  railroad  here  enters  on  ita  descent  to  the 
Boot  river  valley. 

The  species  of  LinguUpia  mentioned  is  found  in  No.  4  of  the  fore- 
going section.  The  remains  are  exceedingly  fragile,  and  as  the 
grains  of  sand  in  which  they  are  embraced  are  feebly  cemented  to- 
gether, it  is  nearly  impossible  to  transport,  or  even  to  handle  them 
withoat  their  falling  to  pieces.  These  fragments,  for  no  entire  spec* 
imens  were  obtained,  are  arranged  promisoaoasly  in  the  coarse  sand, 
and  are  all  confined  within  three  feet  of  the  top  of  No.  4.  They 
seem  to  have  soffeced  the  attrition  and  friction  incident  to  coarae 
sedimentary  transportation.  They  dispel  the  idea,  which  has  been 
suggested,  of  the  possible  chemical  origin  of  the  St.  Peter  sand- 
stone, as  an  oceanic  precipitate. 


Fi«.  6. 


Ungalepis  Horsensis.   (N.  sp.)   Natural  sise. 

Description. — Shell  conical  or  elongate-conical,  with  anterior  an- 
gles rounded ;  depressed ;  the  apical  angle  not  seen  perfect ;  the 
front  margin  gently  convex ;  sides  nearly  straight,  but  converging 
at  an  angle  of  about  26  degrees ;  greatest  width  is  near  the  front 
and  at  a  distance  firom  the  anterior  margin  of  one-third  the  greatest 
width.  The  surface  is  smooth  and  shining,  marked  with  very  fine 
concentric  strise,  visible  especially  in  the  anterior  portion,  and  with 
more  distant,  dim  undulations  of  growth.  Entire  length  of  the 
larger  specimen  seen  (Fig.  c.)  about  .85  inch ;  width  .52  inch ;  length 
of  the  smaller  (Fig.  b.)  .78  inch,  width  .45  inch.     Color  of  the  shell  i^ 
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light  brown,  with  spots  of  brown.  Tje  smaller  specimen  has  flat- 
tened, or  slightly  concave  margins,  for  nearly  two-thirds  the  length 
ftrom  the  apex.  This  species  in  general  contour  resembles  Idngul^ 
Briseis,  of  Billings,  (Paleozoic  Fossils,  Vol.  1,  p.  48,)  but  differs 
ft'om  it  in  not  having  its  sides  parallel. 

Locality  and  Formation — Near  Fountain,  Fillmore  county.  Upper 
portion  of  the  St.  Peter  sandstone.  Named  in  honor  of  Prof.  E.  S. 
Morse. 

The  remarks  that  have  already  been  made  on  the  topography  of 
the  county,  and  the  diagrams  that  have  been  given,  will  sufficiently 
elucidate  the  nature  of  the  St.  Peter,  and  its  important  part  in  the 
causes  that  have  diversified  the  surface  of  Fillmore  county. 

7%«  Trenton  Limestone, 

This  formation  is  the  most  important  one  of  the  county,  both  on 
account  of  the  great  superficial  area  it  embraces,  and  because  it  ap- 
pears in  numerous  places  under  the  most  favorable  circumstances 
for  working  for  quicklime  and  for  building  stone.  It  is  likewise  the 
most  conspicuous  of  all  the  formations,  especially  along  the  line  of 
its  strike,  where  it  gives  way,  and  the  surface  falls  rather  suddenly 
on  to  the  lower  level  of  the  St.  Peter  sandstone. 

The  term  Trenton  limestone  is  here  made  to  cover  a  thickness  of 
rock  of  about  160  feet,  and  to  embrace,  within  the  limits  of  Fillmore 
county  at  least,  three  distinct  members,  of  which  the  uppermost  is 
the  principal  portion. 

Upper  Trenton  limestone '. 186  feet. 

Green  shale 16  feet. 

Lower  Trenton  limestone 20  feet. 

The  transition  from  the  St.  Peter  sandstone  to  the  lower  Trenton 
is  quite  abrupt.  There  is  no  commingling  of  qualities  from  the 
Trenton  downward  into  the  St.  Peter,  although  a  shaly  layer  of 
about  two  feet  separates  them.  The  limestone  always  projects 
boldly  beyond  the  sandstone,  and  the  sandstone  becomes  immedi- 
ately white  and  triable,  with  a  very  slight  calcareous  cement.  The 
lower  Trenton  plays  the  most  important  part  in  producing  the 
marked  topographical  characters  of  the  central  portions  of  Fillmore 
county,  since,  by  its  superposition  over  the  crumbling  St.  Peter, 
it  constitutes  the  edge  of  the  shoulder  or  terrace  that  marks  their 
line  of  superposition,  and  not  unlVequently  spreads  out  on  the  top 
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of  an  isolated  table  or  mound,  thinly  overlain  by  the  lower  layers  of 
the  green  shale.  Under  the  head  of  Surf(^ce  Features^  this  point 
has  been  mentioned  already,  and  the  reader  is  referred  to  that 
section. 

In  Fillmore  county,  the  lower  Trenton,  known  sometimes  as  the 
<<Baff  limestone,"  which  corresponds  in  horizontality  with  the  lime- 
stone quarried  at  St.  Paul  and  Minneapolis,  is  much  less  affected  by 
disseminated  shale  than  in  tho^e  cities,  and  hence  makes  a  much 
more  desirable  building  stone.  The  color  is  light  blue,  and  in  quar- 
rying  the  layers  rarely  exceed  five  inches  in  thickness.  On  weath- 
ered bluffs,  the  bedding  appears  even  thinner  than  that,  being  ap- 
parently not  more  than  two  inches.  When  these  layers  are  opened 
and  considerably  quarried  they  combine,  and  produce  layers  that 
are  from  four  to  six  inches  in  thickness.  They  are  generally  tough 
and  hard,  though  when  broken  they  often  fracture  conchoidally,  and 
in  unexpected  directions.  The  fossils  they  hold  are  undergoing 
careful  examination.  The  most  striking  are  species  of  Ortkoceraa^ 
often  regarded  by  the  quarrymen  as  the  remains  of  huge  snakes, 
though  really  oceanic  shell-fishes,  and  a  beautiful  species  of  Lingu^ 
lepis. 

The  interval  covered  by  the  green  shale  (15  feet)  is  not  often  seen 
well  exposed.  The  uppermost  layers  have  not  been  seen  at  all  in 
Fillmore  county,  but  the  lower  layers  are  visible  in  many  places 
where  the  lower  Trenton  is  quarried.  When  wet  constantly  this 
shale  becomes  a  plastic  clay.  Along  the  brow  of  the  Trenton  ter- 
race it  colors  the  earth  in  nearly  all  roadways  that  cross  it,  and 
produces,  by  shedding  the  surface  water,  very  muddy  spots,  in  which 
teams  are  sometimes  mired.  One  remarkable  spot  of  this  kind  is 
near  the  top  of  the  bluff  a  mile  and  a  half  west  from  Chatfield,  S.  W. 
I  sec.  1,  Jordan.  This  shale  always  lies  in  thin  layers,  and  some- 
times embraces «eontinuous  beds  of  blue  limestone  which  are  exceed- 
ingly fossiliferous.  It  also  sometimes  holds  fragments  of  limestone, 
of  the  same  kind,  in  the  form  of  slabs.  A  great  many  fragments 
of  Chaetetea  Lycaperdon  accompany  this  shale  and  roll  down  the 
face  of  the  weathered  slope,  besides  crinoidal  fragments  and  species 
of  OrthiSy  Leptaena  and  Strophomena. 

The  Upper  Trenton,  sometimes  known  as  the  Blue  limestone  in 
the  northwest,  which  is  about  125  feet  thick,  consists  of  a  bluish 
or  grayish,  evenly  bedded  limerock,  varying  fl*oni  fine-grained  and 
compact,  in  layers  of  a  few  inches,  to  more  vesicular,  sometimes 
arenaceous,  and  in  beds  of  one  to  two  feet.  It  contains  but  little 
shale  in  Fillmore  county — and  that  is  near  the  base  and  near  the 
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top.  This  rock  forms  a  great  many  precipitous  bloflb.  It  appears 
in  the  form  of  mural  faces  along  a  great  many  creeks  and  canons  in 
the  central  portion  of  the  county.  It  generally  rises  nearly  perpen- 
dicularly ft'om  the  top  of  a  short  tains  to  the  summit,  exhibiting  a 
continuous  section  of  the  bedding.  Its  area  is  pre-eminently  the 
region  of  sink  holes.  The  canons  that  are  so  frequent  in  it  run 
out  in  ascending  the  valleys,  and  disappear  in  a  succession  of  sink 
holes  which  become  smaller  and  smaller,  and  more  and  more  dis- 
tant, till  the  general  praire  level  is  reached.  While  in  general  the 
lithological  characters  of  this  part  of  the  Trenton  are  quite  uniform, 
near  the  top  the  layers  begin  to  alternate  with  layers  that  exhibit 
the  characteristic  lithology  of  the  Galena,  and  are  accompanie<l  with 
some  thin  layers  of  green  shale.  It  seems  to  pass  gradually  into 
the  Galena,  or  rather  to  assume  the  features  that  have  been  ascribed 
to  that  formation. 

The  following  views  represent  the  manner  of  weathering  of  the 
Upper  Trenton.  At  Weisbeck's  Dam,  on  Deer  Creek,  S.  E.  J  sec. 
11,  Spring  Valley,  the  face  of  the  bluff,  which  rises  perpendicularly 
about  a  hundred  feet,  is  wrought  into  a  series  of  majestic  pilasters 
running  from  the  bottom  to  the  top  of  the  escarpment.  The  view 
here  given  is  from  a  photograph  by  D.  D.  Bumham,  of  Spring 
Valley,  engraved  by  the  Photo.  Engraving  Company^  62  Courtlandt 
Street,  New  York. 
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The  weathering  and  erosion  of  the  Upper  Trenton  have  left  many 
scenes  of  picturesque  beauty  in  the  county,  some  of  which  have 
been  photographed  by  Mr.  Burnham.  The  following  are  some  of 
the  most  noteworthy.  Figure  8  shows  the  Eagle  Rocks  situated  in 
the  valley  of  the  South  Branch  of  Root  River,  on  section  27,  For- 
estville.  They  stand  isolated  in  the  valley,  but  do  not  rise  higher 
than  the  common  rocky  walls  of  the  valley. 

Fie.  8. 


BagU  Rocks— Trenton  Limestone,  Sec.  27,  ForestviUe. 
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Figure  9,  Chimney  Bock,  is  a  view  on  the  side  of  the  blaff  of  a 
ravine,  tributarjr  to  the  south  branch  of  Root  River,  on  section  27, 
Forestville.  A  crevice,  originally  due  probably  to  a  plane  of  joiDt- 
age,  enters  the  rock  at  a  small  angle  with  the  face  of  the  bluff,  and 
has  been  widened  by  frost  and  water  till  it  will  admit  a  man.  The 
detached,  wedge-shaped  mass,  has  been  broken  through  near  the 
foot  of  the  bluff,  and  by  the  falling  out  of  repeated  fragn>ent8  an 
opening  having  a  fancied  resemblance  to  an  oven  with  a  low  chim- 
ney, has  resulted. 

Fio.  9. 


Chimney  Rock— Trenton  Limestone,  Section  27,  Forestville. 
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The  following  details  concerning  the  Trenton  limestone  will  fkir- 
ther  elucidate  this  formation  as  it  appears  at  yarious  places  in  the 
ooanty . ' 

Soatheast  quarter  section  28,  Spring  Valley,  quarry  of  John 
Eleckler.  The  rock  here  is  a  gray  limestone,  with  interiaminations 
of  shale.  This  is  very  different  from  the  Galena,  as  seen  at  Spring 
Valley  village.  It  is  compact,  and,  mth  the  exception  of  the  thin 
laminae  of  shale,  consists  entirely  of  limestone.  Exposed  about 
10  feet. 

Southeast  quarter  section  28,  Spring  Valley,  Joseph  Lester  has  a 
quarry  in  the  valley  of  the  Middle  Branch,  very  similar  to  Eleck- 
lePs.  That  of  Henry  Prosser  occurs  on  southeast  quarter  of  section 
fourteen. 

North  part  of  section  25,  Spring  Valley.  At  Mr.  H.  Perkins' 
saw-mill  the  same  rock  is  visible,  and  has  been  wrought.  From  this 
point  the  banks  of  this  creek  become  continuously  rocky. 

G.  W.  Knight's  quarry  is  near  Fillmore,  section  10.  The  stone 
is  hard,  gray,  compact,  brittle  and  fossiliferous,  in  beds  of  all  thick- 
nesses, depending  on  the  weathering  and  exposure,  up  to  eight  or 
more  inches.    It  is  situated  along  the  ravine,  approaching  Fillmore. 

Geo.  Shepherd's  quarry  is  also  near  Fillmore,  on  northeast  quar- 
ter of  section  9,  and  seems  to  consist  mostly  of  isolated  even  layers 
in  the  shale  that  so  frequently  accompanies  the  Trenton.  In  this 
shale  are  Ohaetetea^  Ehynchonella^  and  Strophomena.  The  stone  is 
not  of  much  account,  owing  to  its  being  encumbered  so  heavily  withi 
the  shale,  but  is  very  desirable  for  the  uniformity  of  its  thickness. 
S.  C.  Pettit  has  a  quarry  of  the  same  kind  on  northeast  quarter  of 
section  10. 

At  Chatfield,  the  lower  Trenton  appears  in  the  highest  bluffs  on 
the  north  side  of  the  village.  It  is  made  up  very  largely  of  shale, 
but  affords  also  some  ev^n  layers,  that  are  wrought.  These  have 
the  same  stratigraphical  horizon  as  the  stone  at  Minneapolis  and  St. 
Paul,  but  do  not  contain  so  much  argillaceous  matter.  They  are 
much  firmer  and  more  compact,  though  not  so  thick  in  the  aggre- 
gate. Below  these  layers  the  St.  Peter  sandstone  is  seen.  The 
Trenton  at  this  point  has  a  gentle  dip  northeast,  while  the  Shako- 
pee  at  the  mill  by  the  river  dips  northwest.  The  brachiopod  Lep' 
taena  delioidea^  so  common  at  the  Falls  of  St.  Anthony,  is  here 
seen  in  great  numbers,  and  an  occasional  specimen  of  LingtUepis 
quadrata.  The  section  at  the  quarry  of  Dennis  Jacob  is  made  up 
of  seven  feet  of  limestone  and  shale,  crumbling  away,  underlain  by 
abont  eight  feet  of  limestone. 
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Extensive  working  and  burning  of  the  upper  Trenton  into  quick- 
lime is  carried  on  along  Bear  and  Deer  creeks,  the  banks  <ff  which 
are  continuously  rocky,  rising  perpendicularly  from  one  to  two  hun- 
dred feet  from  the  water,  in  Sumner  and  Spring  Valley  townships. 
These  quarries  are  described  under  the  head  of  EconomiocU  Gfeology, 

Sometimes  the  Trenton  shows,  on  fleshly  opened  quarries,  along 
the  bluffs,  almost  a  white  color.  This  is  particularly  the  case  on 
north  half  of  section  85,  Sumner,  where  an  opening  in  a  long-weath- 
ered '^  hog's  back''  reveals  a  very  light-colored  limestone,  in  beds 
of  about  three  inches,  of  a  fine  strain  and  compact  texture ;  not 
much  crystalline,  and  evidently  impure  with  argillaceous  and  sili- 
ceous qualities. 

The  quarry  of  Mr.  Joseph  Taylor,  section  13,  Fountain,  has  been 
mentioned  already  under  the  head  of  the  St.  Peter  sandstone,  and 
the  exposed  section  given.  At  this  quarry  very  large  cephalopods 
have  been  taken  out,  and  some  fragments  of  galena  have  been  en- 
countered, though  the  opening  is  in  the  lower  Trenton. 

The  quarry  of  Mr.  Enoch  Winslow  is  on  the  same  horizon  as  Mr. 
Taylor's.  It  is  situated  on  the  bank  of  Sugar  Creek,  S.  W.  ^  sec. 
4,  Fountain.  Another  on  the  same  horizon  is  that  of  John  Johnson, 
2  miles  south  of  Fountain.  The  Trenton  is  also  wrought  at  Forest- 
ville  and  near  Carmiona,  presenting  no  exceptional  features.  At 
Forestville  it  contains  BeceptaculUea  and  Strophomenay  and  exposes 
a  thickness  of  about  140  feet. 

The  Upper  Trenton  appears  S.  E.  ^  sec.  6,  Forestville,  along  a 
little  ravine,  and  is  slightly  opened  by  John  Hipes.  It  also  appears 
at  other  points  between  there  and  Spring  Valley. 

At  Baldwins'  Dam,  sec.  21,  Forestville,  130  feet  of  the  Trenton 
are  seen.    No  Galena  visible,  and  no  Green  Shale. 

S.  E.  \  sec.  30,  Forestville.  In  some  fragments  thrown  out  in 
the  digging  of  a  well,  can  be  seen  a  fine  grained  rock,  resembling 
the  fine  shale  seen  in  the  race  at  De  For's  mill,  which  crumbles  to 
pieces  in  the  weather.  It  here  lies  below  some  heavy  Galena  beds, 
seen  in  the  hills  enclosing  the  valley,  and  contains  doubtfully  spe- 
cies  of  GhraptoliUSy  Orthis^  and  Ort?M)nota. 

At  Granger,  the  Trenton  pnly  occupies  the  bluffs ;  but  at  two 
miles  west  of  Granger,  where  the  river  enters  the  state  for  a  short 
distance,  the  bluffs  are  high,  and  are  made  up  of  the  Trenton,  with 
a  topping  of  fifteep  or  twenty  feet  of  Galena. 

Northwest  quarter  of  section  36,  Bristol.  Hiram  Andrews  has  a 
quarry  in  the  Trenton,  which  alone  occupies,  at  this  place,  the  river 
banks,  though  the  beds  of  the  quarry  are  apparently  in  the  upper 
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portioYi  of  the  formation.  The  layers  are  thicker  than  usaal,  some- 
what vesioalar,  and  present  some  of  the  aspects  of  the  Galena.  The 
rock  shows  a  slight  dip  to  the  south.  Mr.  Andrews  has  built  a  stone 
bam  and  stable. 

The  Qalena  Limestone. 

The  only  separating  horizon  between  the  Trenton  and  G-alena 
limestones  is  a  lithological  change  in  the  rock.  There  is  no  nncon- 
formability  between  the  layers  of  the  formations,  and  there  is  no 
known  difference  of  fossil  contents.  Near  the  upper  portion  of  the 
Trenton  occasional  layers  appear  that  are  much  more  porous,  and 
have  a  light  buff  color.  They  are  also  much  heavier  than  the  layers 
of  the  Trenton,  reaching,  after  the  change  is  fhlly  established,  a 
thickness  of  four  or  five  feet.  Mingled  with  these  heavy  magnesian 
layers  are  thinner  layers  of  green  shale.  When  these  heavy  mag- 
nesian beds  are  near  the  top  of  a  bluff,  they  give  it  a  roughness, 
but  at  the  same  time  a  persistence  of  outline  which  the  thinner  beds 
of  the  Trenton  alone  do  not  possess.  This  rock  is  generally  ^arp- 
ly  crystalline.  It  contains  numerous  cavities  of  irregular  shape, 
some  due  to  the  weathering  out  of  carious  material,  and  some  to  the 
absorption  of  fossils  It  holds  considerable  masses  of  calcite,  and 
sometimes  lumps  of  galena,  f^om  which  it  has  derived  its  name.  Al- 
though the  Galena  limestone,  near  Dubuque,  in  Iowa,  is  stated  by 
Prof.  J.  D.  Whitney  to  be  about  260  feet,  fGreology  of  Wisconsin, 
vol.  I,  172,)  it  enters  Minnesota  with  a  thickness  much  less 
than  that.  From  all  that  can  be  seen  of  it  in  Fillmore  county,  it 
appears  to  be  less  than  100  feet  thick.  The  Trenton,  on  the  other 
hand,  is  given,  by  the  same  authority,  at  70  feet  average  thickness, 
at  Dubuque,  while  it  has  a  thickness  of  160  feet  in  Fillmore  county. 

The  characters  that  distinguish  the  Galena  are  not  constant.  In 
Fillmore  county  the  "  lead  fossil,"  EeceptactUites^  pervades  the 
Trenton  as  low  as  the  green  shale,  at  least — although  regarded  as 
characteristic  of  the  Galena ;  and  the  Lingxda  quadrata^  also  said  by 
Prof.  Whitney  to  not  appear  in  the  lead  region,  in  the  "  blue"  nor 
the  '<  buff,"  is  found  throughout  both.  A  very  fine  specimen  was 
obtained,  of  the  latter,  at  Mr.  Taylor's  quarry,  near  Fountain,  from 
the  lower  Trenton,  ("  buff  limestone"  of  Prof.  Whitney,)  and  another 
from  Chatfield,  ft'om  the  same  horizon.  Lithologically  also  the  twQ 
formations  appear  to  merge  into  one  another.  The  compact,  hard 
blue  limestone,  characteristic  of  the  Trenton,  gives  place  near  the 
top  of  that  formation,  to  a  lighter  colored,  slightly  vesicular,  even 
grained,  more  heavily  bedded  rock,  that  is  very  useful  for  an  orna- 
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mental  cat-stone.  This  is  seen  in  some  of  the  quarries  a  mile  or 
two  east  of  Spring  Valley,  where  it  Is  diflScult  to  assign  the  beds  ei- 
ther to  the  Gaiena  or  to  the  Trenton.  A  short  distance  farther  east 
the  well  characterized  Trenton  appears,  while  at  the  village  of 
Spring  Valley,  unmistakable  Galena  features  pervade  the  rock  ex- 
posed, to  the  depth  of  ten  or  twenty  feet.  The  lead  ore«  moreover, 
which  has  given  name  to  the  Galena,  is  not  confined  to  that  forma- 
tion. It  is  found  to  some  extent  both  in  the  Galena  and  the  Tren- 
ton, though  in  neither  to  that  extent  that  will  warrant  sanguine 
expectations. 

The  Galena,  where  not  hid  by  the  Cretaceous  in  the  northwestern 
part  of  the  county,  is  within  the  drift  area.  Hence  it  has  not  been 
so  fully  observed  as  is  desirable.  The  line  separating  its  superficial 
area  from  that  of  the  Trenton  is  defined  with  tolerable  accuracy  on 
the  map  accompanying  this  report,  but  the  Uqc  of  its  western  bound- 
ary is  very  uncertain. 

The  principal  exposures  of  the  Galena  in  the  eounty  are  on  Bear 
and  Deer  creeks,  and  at  Spring  Valley  oii  the  Middle  Brapch  of 
Boot  river.  At  the  latter  place  quarries  are  worked  to  a  greater  or 
less  extent  by  Mr.  Willard  Allen,  Thomas  Thayer,  Emylas  Parsons, 
and  Nelson  Smith.  These  openings  are  on  the  south  side  of  the 
valley  and  are  all  in  about  the  same  kind  of  stone.  Some  of  them 
fhrnish,  as  yet,  only  rough  large  pieces,  water  worn  and  rusty,  dis- 
lodged from  their  original  places.  The  rock  has  undergone  long 
weathering  and  erosion  at  Spring  Valley,  and  is  disintegrated  and 
changed  to  a  considerable  depth.  Along  the  road  near  the  public 
school,  a  small  cut  in  the  shattered  crumbling  layers  has  exposed  a 
great  number  of  detached  casts  of  a  brachiopod  resembling  that  of 
Atrypa  retictUaris.  These  were  regarded  with  great  curiosity  by 
many  as  ^'  little  turtles ''  petrified.  At  J.  Shumaker's  quarry,  one 
mile  east  of  the  village,  about  eight  feet  of  the  bedding  are  exposed. 
The  layers  here  are  of  a  finer  and  more  uniform  texture,  and  are 
associated  with  shale.  When  cut  for  building  they  are  much  whiter 
than  the  stone  obtained  at  Mr.  Allen's  at  Spring  Valley.  In  con- 
siderable quantities  of  Galena  are  obtained  at  Spring  Valley.  No 
systematic  exploration,  however,  has  been  undertaken,  the  pieoes 
found  being  at  or  near  the  surface.  It  has  been  found  at  a  number 
of  other  points  in  the  county,  sometimes  well  within  the  Trenton 
area. 

N.  W.  i  sec.  16,  Jordan.  In  ascending  the  south  blnff  of  Lost 
creek,  large  loose  pieces  of  Galena  limestone  are  seen  in  the  road, 
but  the  Trenton  is  in  outcrop  at  the  creek.    Similar  pieces  f^;)pear 
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on  sec.  81,  Jordan.  Theae  are  on  the  moat  eastern  limits  of  the 
Galena  area,  and  belong  to  the  lowest  layers  of  the  formation* 

There  is  a  weathered  exposure  of  the  Galena  on  land  owned  by 

Mr. HarriSt  northwest  quarter  section  26,  Snmner.    This  oat* 

crop  fairly  presents  the  typical  lithological  featares  that  charac- 
terize the  formation.  By  the  Galena  characters  are  meant  a  yel* 
lowish,  or  buff,  limestone,  vesicular,  crystalline,  in  heavy  layers, 
even  on  weathered  blufb,  having  usually  a  very  rough  exterior,  in 
consequence  of  atmospheric  destruction  of  the  looser  portions. 
When  these  looser  portions  are  removed,  the  surface  of  the  rock 
presents  a  pitted  aspect,  being  covered  with  thimble  holes,  and  de« 
pressions  of  all  shapes,  with  angular  knobs  and  excrescences  sep- 
arating them,  the  whole  overgrown  with  lichens.  The  exposure 
here  shows  perpendicularly  about  twelve  feet,  in  layers  from  one  to 
four  feet  thick,  piled  up  on  either  side  of  the  road  in  detached 
mounds,  like  bridge  abutments,  from  which  the  roadway  has  been 
removed.    The  '*  lead  fossil,*'  BeceptactUUeSj  appears  in  these  layers. 

At  the  crossing  of  the  South  Branch  of  Boot  Biver,  northeast 
quarter  section  21,  Bloomfleid,  there  is  no  cut  in  the  rock  visible. 
The  river  is  but  about  twenty  feet  below  the  level  of  the  country, 
which  is  in  a  broad,  shallow  valley ;  but  in  the  road  are  a  few 
pieces  of  Galena,  showing  fossils  and  lithology  like  the  rock  at 
Spring  Valley,  though  the  layers  must  be  near  the  top  of  that 
formation.  The  country  here,  and  toward  the  southwest,  is  a  broad 
level  prairie,  gently  rising  toward  the  west. 

Northwest  quarter  section  26,  Bloomfleid.  The  south  bank  of 
the  river,  near  the  west  side  of  the  section,  has  a  rock  bluff  ex- 
posed about  twenty  feet  above  the  river.  This  is  massive,  or  in 
heavy  layers,  and  is  doubtfully  assigned  to  the  Galena,  as  it  has 
some  of  the  features  of  the  Niagara.  It  is  firm,  but  porous ;  of  a 
buff  color  and  a  coarse  magnesian  grain,  with  superficial  cavities, 
due  to  the  weathering  out  of  fossils.  It  is  on  the  land  of  Mrs. 
Annie  Postle.  The  crossing  of  the  survey  of  the  Winona,  Green 
Bay  and  Grenelle  railroad  is  at  the  head  of  the  bluff.  A  similarly 
doubtful  exposure,  slightly  quarried,  is  owned  by  Dora  Wright, 
near  the  center  of  section  14,  Bloomfield,  by  the  roadside.  Wm. 
B.  McVee  has  has  also  taken  out  the  same  stone  near  his  bam, 
northwest  quarter  section  14,  and  used  it  in  his  barn  foundation. 
It  here  holds  considerable  calcite. 

At  Etna  Mr.  S.  S.  Belding  has  a  quarry  in  the  Galena.  This  is 
a  soft,  porous  stone,  in  heavy  beds,  which  once  held  fossils,  but 
which  have  been  lost  by  absorption,  leaving  the  rock  porous,  and 
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finely  vesicular,  Mr.  Belding  states  that  this  limestone  has  a  hy- 
draulic quality,  but  as  near  as  can  be  ascertained  it  makes  simply 
a  quick-lime,  which  endures  iiell  under  repeated  wetting.  An  old 
foundation  at  De  For's  Mill  was  laid  with-  it  nineteen  years  ago, 
and  stands  firm  yet,  though  submerged  by  every  freshet.  It  has 
not  yet  been  subjected  to  the  test  of  setting  under  watery  which  is 
the  essential  property  of  water  lime.  The  rock  here  seen  amounts 
to  eighteen  or  twenty  feet.  Other  quarries,  similar  to  Mr.  Beld* 
ing^s,  are  owned  by  O.  M.  Postle,  northwest  quarter  section  86, 
Bloomfield,  by  Greo.  Hoy  and  Mr.  De  For,  northeast  quarter  section 
25,  and  by  H.  T.  Odell,  southeast  quarter  section  86. 

At  De  For's  Mill,  N.  £.  i  sec.  25,  Bloomfield,  the  rock  exposed 
is  fine  and  even-grained,  belonging  probably  to  the  lower  portion  of 
the  Gralena.  Ic  embraces  one  thin  layer  of  a  shaly  limestone  which 
has  turned  white.  It  makes  a  good  quick  lime.  It  is  in  heavy  beds 
of  about  eighteen  inches,  and  holds  a  coarse  coralline  form  seen 
also  at  the  quarry  of  Mrs.  Postle,  already  mentioned.  Below  these 
heavy  layers  is  a  bed  of  shale  which  was  exposed  in  the  digging  of 
the  mill-race,  having  a  thickness  of  five  and  a  half  feet.  Below 
that  thickness  the  shale  becomes  arenaceous,  and  in  the  weather 
crumbles  to  piebes.  Among  the  crumbled  fragments  are  indistinct 
remains  of  the  buckler  of  a  small  trilobite. 

At  Foreston,  one  mile  south  of  the  state  line,  the  Galena  appears 
in  the  lower  river  bluffs,  and  is  in  very  rough  and  heavy  beds.  It 
presents  numberless  cavities  of  all  shapes,  as  large  as  a  thimble, 
and  larger,  and  often  iron-stained.  It  here  has  a  noticeable  dip  to 
the  south.  "While  it  is  fossiliferous  it  is  so  coarsely  and  so  completely 
crystalline  that  the  fossils  are  either  entirely  absorbed  or  remain  as  in- 
distinct impressions  or  imperfect  casts.  It  contains  white  calcite  in 
some  large  masses.  The  river  itself  at  Foreston  is  probably  on  the 
Trenton,  the  water-power  there  improved  being  due  to  a  change 
from  the  firm  Galena  layers  to  a  softer  shale,  indicating  the  upper 
portion  of  the  Trenton.  On  the  state  line,  due  north  from  Foreston, 
a  limestone  appears  in  the  road,  of  a  coarsely  crystalline  grain,  with 
calcite  and  cavities,  entirely  like  the  Galena.  It  is  observable  in 
a  number  of  the  hill  tops,  and  extends  half  a  mile  at  least,  north  of 
the  state  line.  At  a  point  about  a  mile  north  of  the  state  line, 
north  from  Foreston,  and  a  fourth  of  a  mile  east  (N.  E.  i  sec.  85, 
York)  the  upper  Trenton  appears  on  the  N.  £.  side  of  a  ravine, 
while  the<7alena  appears  on  the  S.  W.  side,  the  road  running  be- 
tween the  two.  The  rock  has  a  perceptible  dip  toward  the  south. 
The  Galena  occupies  the  high  river-bluA  from  that  point  nearly  to 
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Granger,  on  the  north  side  of  the  river,  when  it  passes  to  the  sonth 
and  the  Trenton  takes  its  place,  both  having  a  dip  towai-d  the  south. 
At  a  point  twp  miles  west  of  Granger  the  Galena  is  15  or  20  feet 
thick  in  the  top  of  the  river  bluffly,  the  Trenton  underlying.  These 
thick  beds  give  a  squareness  and  prominence  to  the  tops  of  the 
bluffs,  presenting  a  perpendicular  rock- wall  toward  [the  river. 
Large  masses  of  this  rock  fall  from  the  blufl^  and  weather  into  the 
usual  rough  forms.  Though  this  exposure  embraces  rock  that  is  a 
little  softer  than  the  Galena  at  Foreston,  yet  in  color,  crystallization 
and  all  general  characters  it  is  the  same. 

The  Maquoketa  Shales. 

This  is  the  name  given  to  the  Oincinnati  Oroup  of  shales  and 
limestones,  as  they  appear  in  Iowa,  by  Dr.  C.  M.  White,  of  the  Iowa  - 
survey  of  1870.  Without  questioning  the  correctness  of  his  conclu- 
sion that  where  these  shales  appear  in  Iowa  they  embrace  a  distinct 
portion,  only,  of  that  sieries  known  as  the  Cincinnati  Group,  his  des- 
ignation is  provisionally  adopted  in  our  nomenclature.  While  it  is 
certain  that  this  formation  enters  the  State  from  Iowa,  beiug  seen 
two  miles  south  of  the  state  line,  at  Lime  Springs,  it  is  still  true, 
that  not  a  single  observation  has  yet  been  made  on  it  within  the 
limits  of  the  State  of  Minnesota.  Being  made  up  of  soft  materials 
its  outcrops  are  to  be  sought  in  the  low  levels,  along  the  bottoms  of 
ravines.  As  its  area  in  Fillmore  county  is  covered  by  the  northern 
drift,  it  will  probably  be  a  long  time  before  any  well  authenticated 
localities  of  its  existence  are  known. 

The  Niagara  Limestone. 

This  formation  has  been  identified  in  Fillmore  county,  at  bat  one 
point.  It  is  much  more  enduring  than  the  shales  underlying  it,  but 
it  enters  on  a  drift-covered  area,  with  small  valleys  of  drainage  on- 
ly, some  distance  south  of  the  sttfte  line.  The  nearest  important 
point  of  its  known  outcrop  is  at  Lime  Springs,  in  Iowa.  It  differs 
from  the  Galena  limestone  in  being  much  lighter  colored,  especially 
when  broken  or  powdered.  It  is  strongly  crystalline,  and  often  po- 
rous, but  it  is  also,  in  some  parts,  a  very  firm  and  enduring  lime- 
stone. It  also  has  a  very  different  and  much  more  abundant  fossil 
fauna.  It  is  separated  from  the  Maquoketa  shales,  at  Lime  Springs, 
by  a  limestone  breccia  of  about  18  inches.  Its  color,  in  its  heavier 
and  close-textured  portions,  is  somewhat  grayish,  or  leaden,  and  it 
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is  interbedded  with  hard  sUale,  which  turns  nearly  white  on  expos- 
ure. This  shale,  in  broken  pieces,  makes  up  the  larger  part  of  the 
breccia  mentioned,  and  falls  down  the  bluff  in  that, condition,  where 
it  is  lost  in  the  weather,  the  framework  of  the  cement  only  remain- 
ing, making  a  curious,  open  network  or  mesh,  the  partitions  and 
threads  enclosing  angular  apartments.  The  great  bed  of  shale, 
which  causes  the  water  power  here,  may  have  a  thickness  of  75  or  80 
feet  exposed,  at  the  quarry  of  Mr.  John  Smith,  though  near  the  mill 
it  is  reduced  to  ten  or  fifteen  feet.  Throughout  the  most  of  that  inter- 
val, a  heavy  debris  covers  it  from  sight,  the  overlying  Niagara  only 
being  visible  along  the  top  of  the  bluff.  The  Niagara  has  a  dip  of 
five  or  six  degrees  to  the  southwest,  and  passes  below  the  lower 
Devonian  (Comiferousf)  which  is  exposed  and  quarried  at  Lime 
Springs  station,  about  a  mile  further  south.  The  thickness  of  the 
Niagara  included  in  that  interval  ma^^  be  100  or  150  feet.  This 
'underlying  bed  of  shale  gives  rise  to  springs  of  limy  water  that  en- 
ter the  river  along  the  .  bluff,  and  gave  origin  to  the  name  of  the 
village. 

In  the  southeast  quarter  section  33,  York,  about  forty  rods  north 
of  the  state  line,  is  a  very  small  exposure  of  the  Niagara,  in  the 
bottom  of  a  ravine,  with  the  Devonian  in  the  enclosing  hillsides. 
A  slight  opening  has  been  made  in  these  beds,  which  are  very  po- 
rous aifd  light  colored,  and  about  three  inches  in  thickness.  Al- 
though no  fossils  were  found  here  to  identify  the  formation,  the 
presence  of  a  very  different  rock,  well  known  as  the  Devonian,  in 
the  hills  and  ridges  surrounding  it,  as  well  as  the  strong  resem* 
blance  it  bears  to  the  Niagara  at  Lime  Springs,  will  allow  of  its 
being  regarded  only  as  the  Niagara  limestone. 

The  Devonian  lAmestanea. 

In  the  report  for  1874  the  Devonian  limestones  were  described  as 
occurring  at  Le  Roy,  in  Mower  /county.  It  was  then  supposed  that 
those  limestones  extended  but  a  short  distance  east  of  Le  Roy. 
They  have  been  found  during  the  past  summer  to  extend  considera- 
bly further  east,  and  to  embrace  an  area  in  Fillmore  county  fully 
ten  miles  wide  on  the  southern  border.  Along  the  western  bound- 
ary of  Fillmore  county  the  width  of  this  Devonian  belt  is  not  cer- 
tainly known,  but  it  has  about  the  same  width  as  on  the  southern 
Hence  the  eastern  boundary  line  of  the  Devonian  in  Mower  county 
should  run  from  about  section  IS,  Bennington,  northwestwardly  to 
about  section  7,  in  Pleasant  Valley.    The  Silurian  area,  as  laid  off 
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on  the  map  of  that  county,  shoald  probably  embrace  the  Niagara, 
the  Maqaoketa  and  the  Galena,  overlain,  in  the  northeast,  (Racine) 
by  the  Cretaceous. 

The  Lower  Devonian  limestones  are  very  diflferent  A:om  the  Upper, 
at  least  lithologically.  Dr.  White  has  classed  them  all  as  Hamil- 
ton. Bat  there  seems  to  be  some  reason  for  separating  them  into 
at  least  two  parts,  the  upper  portion,  which  contains  more  shale, 
being  the  probable  equivalent  of  the  Hamilton,  and  the  lower, 
which  greatly  resembles  the  Lower  Corniferous,  of  the  Ohio  6eo- 
Ic^cal  Reports.  The  distinctively  Onondaga  features  ot  the  Ohio 
Corniferous  are  the  only  ones  seen  in  Fillmore  county.  The  color 
of  this  limestone  is  like  that  of  the  Galena,  but  its  even  and  non- 
vesicular texture  is  enough  to  distinguish  it  from  that  at  a  glance. 
The  bedding  is  also  less  thick,  being,  when  in  exposure,  usually  less 
than  eight  inches,  though  when  quarried  it  is  in  heavy  beds.  It  is 
a  yellowish,  magnesian  limestone,  sometimes  with  a  finely  siliceous 
composition,  and  is  suitable  for  most  purposes  in  common  masonry. 
It  is  tolerably  free  from  colcite  lumps,  but  has  some  chert  nodules. 
It  has  a  few  fossil  brachiopods,  as  Atrypa^  and  an  incrusting  bry- 
ozoon  like  Fenestella. 

At  Lime  Springs  station  is  a  quarry  in  the  Lower  Devonian,  ex- 
poeing  about,  ten  feet.  At  Hopkins'  quarry,  situated  two  miles 
west  and  a  little  south  of  Lime  Springs,  about  twelve  feet,  in  heavy 
layers,  can  be  seen,  without  fossils,  but  holding  seme  flint.  Dip 
soatheast.  At  Chester  similar  beds  are  exposed,  near  the  mill, 
three-quarters  of  a  mile  south  of  the  state  line.  It  is  here  in  heavy 
beds,  of  a  soft,  uniform,  granular  texture  and  yellowish  color,  usefhl 
for  a  cut  stone. 

This  rock  is  probably  that  which  is  said  to  appear  in  the  river 
banks,  section  84,  Beaver,  on  Jerry  Kingsley's  land. 

Southeast  quarter  section  20,  Beaver.  This  rock  is  again  seen 
here,  exposed  along  the  banks  of  Slough  Creek ;  owner's  name  un- 
known. It  here  shows  a  brachiopod  resembling  OrthiSy  and  a  radia- 
ting FenetiMa.  It  is  in  the  midst  of  an  uninhabited  pfairie,  and 
only  weathered  pieces  can  bo  found. 

Soatheast  quarter  section  18,  Beaver.  About  ten  years  ago  a 
cellar,  dug  for  a  farmer's  residence,  furnished  stone  of  the  same 
kind  in  sufficient  quantity  to  construct  his  house,  now  owned  by  Mr. 
James  Smith.  Similar  rock  again  appears  in  the  road,  northwest 
quarter  section  20,  Beaver,  but  is  somewhat  more  vesicular. 

Widow  Scarrie  has  a  small  quarry  in  a  yellowish,  fine-grained 
rock,  almost  non-fossiliferous,  and  probably  of  the  Lower  Devo- 
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nian,  on  the  aoutbeast  quarter  section  28,  Bloomfield.  Outwardly 
this  much  resembles  the  Cretaceous  sandstone,  as  exposed  at  Aus- 
tin, in  Mower  county,  but  it  has  a  doubtfdl  brachiopod  that  appears 
like  Atrjfpa.  Its  weathered  color,  its  homogeneity  and  fineness  of 
grain,  its  irregularly  rounded  cavities,  containing  loose,  ochreoas 
dirt,  combine  to  make  it  Cretaceous.  It  is  with  some  doubt  classed 
as  Lower  Devonian. 

This  limestone  is  found  in  loose  pieces,  and  often  in  surface  ex- 
posures, on  the  tops  of  knolls,  near  the  state  line,  sections  33  and 
34,  York,  the  porous,  white  Niagara  appearing  in  the  ravines. 

The  Cretaceous. 

No  attempt  is  made  to  map  out  the  Cretaceous  area  in  Fillmore 
county,  inasmuch  as  it  is  all  embraced  in  the  drift-covered  portion, 
and  but  one  or  two  localities  of  its  existence  are  known.  It  prob- 
ably extends  no  farther  east,  however,  at  any  point,  than  the  east 
side  of  the  first  tier  of  towns  along  the  western  border  of  the 
county.  Its  area  is  most  reliably  indicated  by  the  surface  featares, 
in  the  absence  of  actual  outcrops.  Guided  by  this  only  it  is  sup- 
posed to  occupy  the  flat  and  prairie  portion  of  Sumner  Township, 
stretching  southward  through  Spring  Valley  and  Bloomfield  and 
covering  the  most  of  Beaver,  and  perhaps  portions  of  Tork. 
Judging  fW>m  the  prevalence  of  Cretaceous  features  in  the  drift-clay 
exposed  in  the  railroad  cut  at  Lime  Springs,  it  has  played  an  im- 
portant part  in  originating  the  materials  of  the  heavy  drift  covering 
that  spreads  over  not  only  the  western  portion  of  Fillmore  county, 
but  all  the  counties  of  tne  state  fhrther  west. 

The  lower  portion  of  the  Cretaceous,  which  is  that  represented 
in  Minnesota,  consists  of  sandstones  and  lignitiferous  clays  or 
shales — ^the  sandstones  lying  at  the  base  of  the  formation  and  being 
the  same  that  Dr.  White  has  denominated  in  Iowa  the  *^  Nishnabot- 
any  Sandstone."  Above  this  sandstone,  which  is  often  white  and 
incoherent,  with  a  thickness  of  about  one  hundred  feet,  so  far  as 
observed,  is  a  clayey  member  of  the  Cretaceous  which  has  been 
identified  by  Mr.  F.  B.  Meek  as  the  Fort  Benton  Group,  of  Measrs. 
Meek  and  Hayden.  This  is  well  exposed  in  the  region  of  the  Upper 
Minnesota  Valley,  and  contains  some  impure  lignite,  and  is  found  in 
small  pieces  disseminated  with  its  fossils,  through  the  driftK^lay  out 
at  Lime  Springs,  a  couple  of  miles  south  of  Fillmore  county,  in 
Iowa.  The  Niobrara,  or  chalky  member  of  the  Cretaceous,  may 
also  exist  in  the  extreme  western  portion  of  the  state. 
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So  far  as  FHImore  oonnty  is  concerned  the  presence  of  the 
Cretaceous  is  known  more  by  certain  indirect  or  secondary  eviden- 
ces, than  by  the  actual  discovery  of  its  beds  in  9Uu.  In  the  extreme 
northeastern  comer  of  Mower  county  it  was  struck  by  a  farmer  in 
digging  a  well.  It  there  has  the  form  of  the  fine-grained  sandstone 
seen  at  Austin.  The  surface  features  that  prevail  at  that  point  pass 
into  the  northwestern  corner  of  Fillmore  county,  and  cover  the 
most  of  Sumner  Township.  Southward,  at  Spring  Valley,  a  similar 
stone  appears  in  the  north  side  of  the  creek  where  it  has  been 
opened  for  building  purposes  by  Messrs.  James  Wilder  and  Henry 
Thayer.  It  is  here  a  fine-grained,  argillaceous  sandstone  that  cracks 
and  crumbles  on  freezing  It  has  been  given  up  as  worthless  for  a 
building  material.  Near  the  same  place,  on  David  Higby's  farm, 
S.  W.  ^  sec.  32,  is  a  very  fine  and  tough  clay,  of  a  generally  bluish 
color,  almost  entirely  free  from  grit,  which  is  spread  out  over  a 
wide  area  lying  but  few  feet  below  the  surface.  The  overlying  soil, 
which  is  annually  plowed,  is  a  black  loam,  (rather  clayey)  varying 
below  to  a  yellow,  clayey  loam.  This  clay  was  discovered  several 
years  ago,  but  nothing  has  been  done  that  will  demonstrate  or  indicate 
its  real  orgin,  though  it  is  evidently  not  a  part  of  the  drift.  It  has 
the  appearance  of  being  suitable  for  pottery  or  for  brick,  but  would 
require  some  sand.  A  soapy,  variegated  clay  also  occurs  at  J.  W. 
Smith's  brick  yard,  two  miles  northwest  of  Spring  Valley,  though  a 
drift  clay,  with  some  gravel,  is  used  in  the  manufacture  of  brick.  A 
similar  clay  is  met  in  abundance  at  Spring  Valley  village,  but  it  is 
mingled  with  limestone  fragments  and  drift  materials. 

Besides  these  clayey  deposits,  which  are  believed  to  have  resulted 
froDti  the  d^radation,  or  more  or  less  perfect  preservation,  of  the 
lower  Cretaceous  clays,  there  are  a  number  of  white  sand  deposits 
in  the  same  portion  of  the  county,  which  probably  are  referable  to 
the  incoherent  layers  of  the  Nishnabotany  sandstone.  One  of  these 
occurs  north  of  Mr.  J.  W.  Smith's  brick  yard,  on  section  17,  Spring 
Valley.  Another  is  situated  on  C.  C.  Temple's  land,  southeast 
quarter  of  section  eight,  Bloomfleld,  where  it  is  20  feet  thick  at  least, 
haying  been  tested  to  that  depth,  the  bottom  never  having  been 
reached.  It  here  occurs  in  an  open  prairie  country,  and  is  known 
to  spread  out  over  many  acres,  lying  but  two  or  three  feet  below 
the  surface.  It  lies  on  the  Galena,  of  course  unconformably.  It  is 
not  a  purely  white  sand,  like  the  St.  Peter,  but  yellowish  white.  It 
is  sometimes  very  fine,  but  varies  to  coarse.  Another  deposit  of 
this  sand  is  on  Mr.  Andrew  McNee's  land,  northwest  quarter  section 
22,  Bloomfield,  and  still  another  on  J.  M.  Bexford's,  northeast  quar- 
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ter  section  36,  where  it  has  been  opened,  as  at  the  other  points 
named,  and  osed  for  mortar.  These  are  sitnated  in  an  nndalating 
tract,  with  some  shrabs  and  trees.  These  sand  beds  are  not  regard- 
ed as  belonging  to  the  Cretaceous  rock  in  situ^  bnt  as  being  copious 
local  products,  under  drift  agencies,  of  the  Cretaceous.  Sometimes 
they  embrace  lumps  of  clay;  of  a  greenish  color,  like  the  Fort  Ben- 
ton, and  sometimes  they  show  oblique  stratification.  They  are  en« 
tirely  uncemented,  so  as  to  be  shoveled  directly  into  the  wagon. 
Another  singular  deposit,  in  the  same  manner  referable  to  the  imme- 
diate presence  of  the  Cretaceous,  occurs  on  the  southwest  quarter 
section  15,  Bloomfield,  land  of  Peter  Peterson.  Here  a  series  of 
knolls,  which  embrace,  indeed,  that  in  which  is  Mr.  Andrew  Mo- 
Nee*s  white  sand  pit,  and  are  covered  with  aspen  and  hazel  brush, 
are  found,  many  of  them,  to  be  composed  of  a  beautiful,  coarse 
gravel,  the  greater  part  being  white,  often  limpid,  quartz,  the  size 
of  the  pebbles  varying  from  that  of  a  pea  to  that  of  a  hazelnut.  On 
these  knolls  are  a  few  northern  drift  boulders,  and  no  doubt  the 
gravel  was  also  placed  in  the  position  it  now  occupies  by  the  drift 
forces.  This  gravel,  so  remarkably  homogeneous,  like  the  white 
sand  deposits  mentioned,  can  only  be  referred  to  the  immediate 
proximity  of  the  lower  Cretaceous.  It  could  not  have  been  far 
transported  without  being  mixed  with  other  rock  material.  It  dis- 
tinctly  points  to  the  existence  of  a  coarse  gravel  or  conglomerate  in 
the  lower  Cretaceous,  which  has  not  yet  been  discovered.  It  indi 
cates  also  the  littoral  nature  of  the  Cretaceous  beds  from  which  it 
was  derived. 

There  is  still  another  indirect  evidence  of  the  existence  of  the 
Cretaceous  in  the  western  portion  of  Fillmore  county.  There  are 
heavy  deposits  of  limonite  iron  ore,  bearing  some  unascertained  re- 
lation to  the  Cretaceous,  or  to  the  drift  found  in  the  southwestern 
part  of  the  county.  In  the  Second  Annual  Report  of  the  Survey 
mention  was  made  of  the  occurrence  at  a  number  of  places  in  the 
Minnesota  Valley,  and  in  that  of  the  Blue  Earth,  of  a  coating  of 
iron  ore  on  the  Lower  Silurian  rocks,  where  they  are  unconformably 
overlain  by  the  Cretaceous.  Dr.  Shunard  says  of  this:  (Owen's 
Geological  Survey  of  Wieconein^  lotoa  and  Minneaota,  page  487.) 
'^The  nodules  of  iron  ore  have  mostly  a  concentric  structure,  and 
appear  to  be  of  good  quality.  The  superficial  indications  render  it 
probable  that  this  bed  of  iron  ore  may  be  both  extensive  and  easily 
accessible."  In  Fillmore  county  a  discovery  was  made  by  Mr.  C. 
C.  Temple,  in  digging  a  well  near  his  sand  pit,  abfeady  described, 
and  referred  to  the  Cretaceous  as  its  probable  source,  which  throws 
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Bome  light  on  the  mannet  of  occarrenoe  of  the  limonite  referred  to. 
He  testifies  that  this  bed  of  iron  ore  is  at  least  iMrty-six  feet  in 
thickness.  In  his  well,  which  is  six  feet  circalar  at  the  top,  he  dug 
down  abont  eighteen  feet,  wheii  he  reached  rock,  fragments  thrown 
ont  revealing  the  Galena  limestone.  He  describes  the  rock  as  oc* 
cap jing  but  about  one-half  of  the  diameter  of  the  shaft  he  was  dig- 
ging, which  afforded  great  quantities  of  soft  limonite,  or  ochre. 
He  drilled  into  the  iron  ore  a  depth  of  thirty-six  feet.  A  number  of 
wells  in  the  vicinity  of  Etna,  a  few  miles  farther  southeast,  also 
struck  a  similar  iron  ore.  On  section  86,  Bloomfield,  a  great  many 
loose  pieces  of  porous  limonite  are  found  in  the  fields,  having  been 
plowed  up  in  the  soil.  The  county  surveyor,  Mr.  J.  Gregois  also 
found  it  impossible  to  lay  out  the  quarter  sections  of  that  section 
in  the  usual  manner,  by  the  use  of  the  magnetic  needle,  though  the 
original  United  States  surveyors  record  no  unusual  disturbance  of 
the  magnetic  needle.  Limonite  iron  ore  is  regarded  usually  as  non- 
magnetic. In  large  quantities,  near  the  surface,  it  seems  to  infiu- 
ence  the  magnetic  currents.  What  relation  this  ore  bears  to  the 
Cretaceous  is  not  known,  except  that  it  has  been  found  to  overlie 
the  Silurian  rocks,  or  to  cover  their  surfaces  with  a  scale  where  the 
Cretaceous  overlies  them  unconformably.  Further  and  more  min- 
ute observations  in  other  places  may  reveal  its  real  source  and  its 
value.  The  reader  is  referred  to  the  Second  Annual  Report  for  an 
account  of  the  Cretaceous  over  the  Lower  Silurian  at  Mankato,  in 
the  Valley  of  the  Minnesota. 

The  Drift. 

The  drift  presents  some  interesting  features  in  Fillmore  county 
The  western  limit  of  that  well-known  tract  denominated  The  Drift- 
less  Area^  by  Prof.  J.  D.  Whitney,  crosses  this  county.  This  bound- 
ary is  not  well-defined.  There  is  a  very  conspicuous  absence  of 
the  bluish  clay,  and  the  northern  boulders  that  distinguish  the  true 
northern  drift  sheet  of  counties  further  west  and  north,  throughout 
the  eastern  two-thirds  of  the  county ;  the  boundary  line  running  ap- 
proximately, from  the  southeast  corner  of  Bristol  township  to  the 
northeast  comer  of  Jordan.  West  of  that  line,  which  is  modified, 
in  its  course,  by  valleys  and  uplands,  is  a  belt  of  five  or  six  miles 
in  width,  which  is  characterized  by  an  overlapping  of  the  loess 
loam  on  the  thinning  out  edge  of  the  drift  sheet.  This  belt  is 
characterized  farther  by  peculiar  local  modifications  of  the  mate- 
rials of  the  drift,  due  to  the  underlying  rock,  as  mentioned  under 
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the  head  of  OretoceotM.  West  of  this  belt  the  true  drift  becomes 
prevalent,  consisting  of  clay,  with  many  boulders. 

That  tract  which  is  regarded  as  driftless,*  is,  so  far  as  Fillmore 
county  is  concerned,  not  without  some  evidences  of  havings  been 
subjected,  at  some  time,  to  a  force  similar  to  that  which  is  supposed 
to  have  deposited  the  great  drift-sheet  of  the  northwest.  There 
are  isolated  patches  of  gravel,  with  small  stones,  sometimes  ce- 
mented into  a  crag,  which  have  been  noted  in  Fillmore  county, 
scattered  sparingly  over  the  eastern  part  of  the  county,  as  the  fol- 
lowing field  minutes  will  show : 

Driit  pebbles  are  in  the  street,  north  of  the  schoolhouse,  southwest  quar- 
ter section  22,  Amherst. 

Drift  occurs  in  the  form  of  gravel  and  boulders,  some  of  them  a  foot  in 
diameter,  southwest  quarter  section  4,  FouDtain,  on  the  east  bank  of  Sugar 
Creek,  in  the  road ;  seen  in  going  east  firom  the  quarry  of  Enoch  Winslow. 
At  Fountain  village  there  is  said  to  be  no  drift  between  the  loess  loam  and 
the  rock. 

A  little  drift  may  be  seen  at  the  Tunnel  mills,  section  84,  Sumner. 

There  is  a  little  fine  drift  visible  along  the  road,  southeast  quarter  section 
25,  Somner. 

At  Chatfleld  there  is  some  gravelly  drift,  with  small  boulders,  visible  in 
the  street,  near  the  millrace. 

Drift,  with  pebbles  and  stones,  appears  about  a  mile  south  of  Clear  Grit, 
on  the  Shakopee  terrace  along  the  highway. 

Also  on  the  road  to  Carimona,  near  Preston. 

About  midway  between  Preston  and  Carimona,  a  wash  by  the  roadside 
revealed—  • 

Loam «...  S  feet. 

Gravelly,  red  loam 8  feet. 

With  no  distinct  separation,  a  few  small  boulders  lying  in  the  water  course 
below. 

At  Carimona  a  thin  layer  of  drift  is  usually  found  under  the  loam. 

The  same  is  true  at  ForestviUe. 

At  Spring  Valley  the  drift  is  so  prevalent  that  the  surfkce  of  the  coaatiy  Is 
smooth,  and  has  a  lighter  colored  soil,  with  much  more  clay.  There  are 
bat  few  stones  or  gravelly  patches.  The  loess  loam  is  hardly  noticeable. 
One  lar^e  boulder  lies  at  the  street  comer,  half  a  mile  south  of  the  corpo- 
rate limits. 

Between  Baldwin's  mill,  section  21,  ForestviUe,  and  the  state  line,  due 
south,  the  country  is  one  of  drift  prairie,  nearly  the  whole  distance,  with 
Stones  and  boulders,  some  of  the  latter  pretty  large. 

At  ^tna,  section  86,  Bloomfleld,  among  a  variety  of  stones  pertaining  to 
the  drift,  may  be  seen  an  occasional  one  that  is  glacUOed, 

*  J.  D.  Whitney,  Geology  of  WleoonBin,  Vol.  1,  pages  114-139. 
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At  Idme  Springs  and  Foreston,  a  few  miles  sonfh  •f  the  state  line,  on  the 
Upper  Iowa  river,  the  drift  is  abundant. 

At  Granger  there  is  a  light  drift,  and  also  where  the  road  tarns  north  to 
Preston,  northeast  quarter  section  86,  Brislol ;  but  it  becomes  lighter  still 
or  entirely  invisible,  in  traveling  to  Preston.  In  its  place  a  heavy,  rich 
loam,  rather  clayey,  covers  the  country,  and  smooths  it  off  almost  as  effect- 
ually as  if  drift-covered.  A  well,  being  dug  about  five  miles  south  of  Pres- 
ton, on  the  high  Trenton  area,  passes  through  this  loam  eighteen  feet  be- 
fore striking  the  rock.  , 

The  drift  is  very  thin  at  Lenora,  if  not  entirely  wanting. 

About  four  miles  southeast  of  Preston  a  large  green,  dioritic  boulder  may 
be  seen  lying  in  the  loess  loam,  in  the  road,  and  a  red  quartzose  pebble. 
The  pebbles  that  appear  in  gullies  by  the  roadside,  in  the  loam  area,  are 
generally  of  chert,  ftom  the  rock  of  the  locality.  It  cannot  be  ascertained 
whether  this  dioritic  boulder  lies  on  other  drift  deposits,  but  it  is  surrounded 
laterally  only  by  the  loam. 

At  ElUota  Is  a  thin  drift,  in  the  form  of  pebbles,  the  largest  being  three 
or  four  inches  in  diameter.  Thence  northeastward  to  Newburg  nothing  but 
the  yellow  loam  is  observable.  Between  Newburg  and  Biceford,  situated  on 
the  western  edge  of  Houston  county,  no  northern  drift  is  visible ;  but  at 
Riceford,  which  lies  in  a  deep  and  narrow  gorge,  a  few  drift  pebbles  occur 
in  the  street. 

About  the  center  of  sec.  29,  Holt,  is  a  deposit  of  drift  gravel.  It  may  be 
seen  in  descending  the  hill  northward,  just  before  the  road  forks  to  Whalen 
and  Lanesboro.  It  is  considerably  cemented  by  lime,  forming  a  crag,  large 
lumps  of  which,  some  18  or  20  inches  thick,  have  been  used  for  embank- 
ment on  the  lower  side  of  the  road.  In  some  parts  it  is  quite  fine,  and  use- 
ftd  for  mortar,  for  which  it  has  been  hauled  away.  It  is  at  least  ten  feet 
thick. 

There  are  boulders  in  the  valley  of  Duxbury  creek,  sec.  28,  Preston. 

Sec.  19,  Pilot  Mound.  In  the  road  going  to  the  river  from  the  south,  are 
a  lot  of  boulders  and  other  drift.  The  same  can  be  seen  on  the  north  side, 
going  up  firom  the  ford.  The  deposit  seems  to  be  five  or  six  foet  thick, 
gradually  mingling  with,  and  finally  becoming  replaced  by  the  loess  loam. 

Drift  gravel  and  stones  are  seen  along  the  road  in  going  down  the  hiH  to 
Isinours,  from  Preston. 

Drift  pebbles  and  clay  occur  at  the  crossing  of  Watson's  creek,  on  the 
direct  road  between  Fountain  and  Preston,  and  on  the  terrace  of  the  Shak- 
opee  limestone,  a  quarter  of  a  mile  south  of  the  creek. 

Boulders  are  seen  at  Spring  Valley,  and  on  Mr.  Eleckler's  fiunn,  two  and 
a  half  miles  east  of  Spring  Valley. 

An  occasional  boulder  is  seen  in  the  river  valley  at  Oeiner's  Mill,  sec.  81, 
Jordan,  but  the  most  of  the  surfoce  covering  on  the  rock,  in  the  high  prairie 
region,  seems  to  be  of  loess  loam. 

East  of  Highland  P.  O.,  in  Holt  township,  sec.  86,  is  a  conspicuous  deposit 
of  drift,  exposed  in  the  road,  in  the  form  of  a  stony  gravel.  It  lies  on  the 
brow  of  the  Shakopee  terrace. 


It  is  noticeable  that  in  nearly  every  instanee  where  drift  pebbles 

Digitized  by  XJJKJKJWIK. 


88  OBOLOOIOAL  AND  NATUBAL  HISTOBT 

oocor  in  the  region  known  as  driftless,  they  lie  on  or  are  very  near 
an  outcrop  of  firm  rock.  They  fireqnent  the  brows  of  the  terrace 
lormed  by  the  Shakopee  limestone.  The  above  named  localities  are 
nearly  all  embraced  within  the  boundaries  of  the  driftless  tract,  as 
already  defined  in  Fillmore  county.  These  patches  of  northern 
drift  present  the  appearance  of  greater  age  than  the  drift  of  the 
western  portion  of  the  county,  and  are  bedeved  to  belong  to  a  gla- 
cial epoch  that  preceded  the  epoch  that  produced  the  great  drift 
sheet  of  the  northwest.  An  *'  interglacial  epoch"  separated  them. 
It  was  probably  during  that  interglacial  epoch  that  grew  the  peat 
and  coniferous  vegetation  that  has  been  found  in  considerable 
abundance  embraced  within  the  great  drift  sheet,  (or  at  least  below 
fifty  feet  of  drift  materials)  round  its  outer  margin,  as  mentioned 
already  in  a  report  on  Mower  county,  and  as  further  demonstrated 
in  Fillmore  county.  It  is  this  older  drift  that  is  covered  deeply  by 
the  loess  loam,  and  it  U  within  the  loam-^sovered  portion  of  the  county 
that  true  river  terraces^  of  aUuvial  composition^  are  found.  (Com* 
pare  Q^olog^  of  Ohio,  Vol.  IL,  Beport  on  Detaware  Oounty.) 

Ancient  Peat  and  Vegetation  in  the  Drift  Deposits. 

Owing  to  the  great  geological  interest  connected  with  the  discov* 
ery  made  last  year  of  a  peaty  bed  Within  the  drift  deposits  of 
Mower  county,  a  careful  search  was  made  in  the  survey  of  Fillmore 
county  for  further  information  concerning  its  origin  and  exact  re- 
lations.*  There  were  found  to  be  quite  a  number  of  places  in  the 
western  portion  of  the  county  where  farmers,  in  digging  wells,  had 
struck  this  bed  of  vegetation.  No  opportunity  has  been  afforded 
to  make  a  personal  inspection  of  this  bed,  and  owing  to  the  indefi* 
niteness  of  the  information  derivable  from  the  farmers  themselves, 
and  its  contrariety,  it  is  thought  best  to  give  only  the  statements  of 
Mr.  Calvin  E.  Huntley,  of  Spring  Valley,  a  professional  well-driller. 
Throughout  the  whole  of  the  county  there  is  much  difficulty  in  ob- 
taining ready  water  for  farm  and  domestic  use,  and  a  great  many 
wells  are  drilled  deeply  into  the  rock.  This  is  owing  to  the  ca- 
noned  character  of  the  rock  surface,  both  within  the  drift  area  and 
the  loam-covered  portion.  These  canons  serve  as  subterranean 
drains,  though  they  are  generally  filled  with  drift  in  the  western 
part  of  the  county^    Mr.  Huntley  fhrnished   the  following  facts 

*  For  larther  infomuttlon  on  the  BiittJeet  of  vegetation  in  the  drift  depoeits  of  the  north- 
west, the  reader  is  referred  to  a  paper  by  the  writer  in  the  Proceedings  of  the  American 
AiBOeiailon  lor  the  Adraneement  of  Science,  167ft,  Detroit  meeting. 
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conoeming  this  bed  of  vegetation.    Some  of  these  localities  are 
within  the  limits  of  Mower  county : 

Northwest  quarter  section  6,  Beaver.  Land  of  Andrew  Oleson  (Early.) 
It  was  fonnd  here  at  the  depth  of  thirty  feet,  situated  on  a  ridge  in  prairie 
conntiy.  It  was  two  or  three  feet  thick,  and  had  a  bine  clay  both  above  and 
below  it  —then  struck  a  lime  rock. 

N.  £.  i  sec.  12,  Le  Roy,  Mower  county.  Land  of  D.  B.  Bosworth.  This 
was  also  on  a  high  ridge,  with  blue  clay  above  and  below  it,  and  lay  at  the 
depth  of  about  25  feet  below  the  surfkce.  It  had  a  depth  of  seven  feet,  and 
contained  **  decayed  stuff,  like  pressed  hay." 

N.  E.  i  sec.  1,  Le  Roy,  Mower  county.  Land  of  Ole  Knutson  (Stoley) : 
found  at  the  depth  of  thirty  feet;  five  feet  thick;  blue  clay  above  and  two 
feet  of  black  clay  below ;  then  lime  rock. 

Sec  80,  Bennington,  Mower  county,  on  land  of  Genta  Everson.  This  is 
situated  on  a  flat,  and  was  found  from  80  to  82  feet  below  the  surface.  It 
was  three  feet  thick,  and  lay  below  blue  clay.  Below  it  was  gravel  to  the 
thickness  of  eight  feet,  when  the  well  struck  lime  rock. 

8.  E.  i  sec.  9,  Bennington,  Mower  county ;  land  of  John  Mehan.  It  here 
had  blue  clay  both  above  and  below  it,  and  a  thickness  of  two  feet.  It 
lay  at  the  depth  of  twenty  feet.    The  underlying  blue  clay  was  gravelly. 

It  was  met  In  the  same  town  on  Robert  Cooper's  land,  at  the  depth  of 
twenty-five  or  thirty  feet.  It  was  here  on  a  very  high  ridge.  It  was  in  a 
blue  clay,  with  gravel  both  above  and  below.  It  was  here  three  or  four 
feet  thick.    This  well  was  abandoned  on  account  of  quicksand. 

On  the  slope,  northeast  ttom  Mr.  Cooper's,  it  was  reported  to  have  been 
met  with  at  the  depth  of  six  or  seven  feet  from  the  surftice,  on  the  land  of 
Mr.  Bass. 

Sec.  2,  Sumner.  Land  of  Wm.  Bailey :  met  a  deposit  which  was  embraced 
between  layers  of  what  was  then  supposed  to  be  lime  rock.  This  deposit 
was  two  feet  thick,  and  consisted  entirely  of  wood.  Rock  was  struck  at 
the  depth  of  eight  feet.  This  wood  was  thirty-five  feet  below  the  sorftce. 
The  owner  called  the  rock  *<  grindstone  rock."  (This  was  probably  the 
Austin  sandstone,  of  the  Cretaceous,  and  the  wood  a  lignite  belonging  to 
same  age.) 

N.  part  of  sec  28,  Spring  Valley;  land  of  A.  B.  Hutchinson.  An  irony 
deposit,  having  an  unknown  thickness,  was  struck  at  the  depth  of  thirty- 
five  feet. 

This  was  also  met  in  the  central  part  of  Racine,  on  the  fkrm  of  D.  Reed, 
at  the  depth  ol  twenty-five  or  twenty-six  feet,  having  a  thickness  of  two 
or  three  feet.  It  came  up  in  chunks  which  glistened,  and  looked  like  iron 
ore. 

Under  the  head  of  Oe^acsous  the  reader  will  find  farther  state- 
ments concerning  this  iron  ore.  Two  miles  west  of  Spring  Valley, 
on  the  land  of  O.  H.  Rose,  Mr.  Leonard  made  an  observation  on  a 
deposit  of  surface  crag.  This  he  found  abundantly  cemented  with 
iron,  lying  on  a  sloping  surface,  covering  twenty-five  or  thirty 
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square  rods,  rendering  the  land  unfit  for  cultivation,  in  the  vicinity 
of  no  rock  bluff,  and  on  a  prairie  country.  Iron  ore  was  thrown  out 
of  a  well  S.  W.  ^  sec.  24,  Bloomfleld.  It  was  said  to  have  come 
out  in  chunks,  and  to  be  as  heavy  as  iron.  It  rises  to  the  surface 
and  a  plow  cannot  be  passed  through  it.  This  is  owned  by  Greo.  H. 
Smith.  Again  on  H.  T.  Odell's  land,  section  86,  Bloomfield,  it  is 
found  in  scattered  lumps  variously  mingled  with  the  soil,  and  with 
other  stone.  These  surface  pieces  are  impure,  and  often  hold  ce- 
mented gravel  and  pebbles.  They  are  also  loose  and  porous,  and 
pass  into  ocher.  Similar  pieces  occur  on  section  1,  Beaver,  land  of 
O.  A.  Boynton. 

Wood  was  taken  f^om  two  wells  in  Jordan  township,  sections  29 
and  30,  on  land  of  M.  Bobbins  and  Geo.  Hare.  This  is  also  on  a 
high  prairie.    In  Mr.  Hare's  well  was  said  to  have  been  a  tree. 

WeUs. 

In  order  to  study  further  the  thickness  of  the  drift,  and  its  lat- 
era!  extent  in  the  county,  a  great  many  observations  were  made  on 
the  phenomena  of  common  wells,  and  the  tabulated  list  herewith 
appended  will  give  the  results  of  some  of  those  examinations.  It 
has  already  been  said  that  there  «re  a  great  many  subterranean 
streams,  especially  within  the  area  of  the  Trenton  limestone.  Some 
of  these  streams  gush  out  along  the  river  bluffs,  and  give  rise  to 
copious  springs.  Wherever  there  is  an  open  rock  structure,  which 
is  not  imperviously  covered  by  the  drift  or  by  the  loam,  it  acts  to 
receive  the  surface  water  and  to  allow  its  passage  along  lower  levels 
to  the  main  river  valleys.  This  necessitates  the  drilling  of  a  great 
many  wells  which  penetrate  in  the  rock  to  a  depth,  sometimes,  of 
two  or  three  hundred  feet  before  reaching  water. 


Digitized  by  VjOOQIC 


SORTET  OF  MINNESOTA. 


65 


5 

ft 

o 

a 


OeoOOQPOOQ 


•^  rt  rt 


oo  :'|ggg§|dooogoo5 


I 


|SSS^^SSSSSSSS!SS!SSgSSggSSI9SSSSSeSS$S^SSS^$S 


s^ss^sjiess 


s^ss:: 


«3 


00  0 


§{8««S* 


S«9SS 


ss^;:!iS9 


f  QOM  ^M»00  00  ^  O  0»  O  *<«  Ok  <D  O  »>  Q  00 

a 
< 


■  5  ^'  M  «j  ^  •-    j£r 


s  o  o 
Digitized  by  VjOOQIC 


66  OBOLOOIOAL   AND  NATURAL  HI8TOBT 

The  price  charged  by  Mr.  Hantley,  of  Spring  Valley,  for  drilling 
wells,  is  one  dollar  per  foot  the  first  fifty  feet,  with  twenty-five  cents 
per  foot  added  every  ten  feet  thereafter.  Messrs.  Sands  ATousley, 
Amherst,  receive  fifty  cents  per  foot  before  striking  the  rock,  one 
dollar  and  twenty-five  cents  per  foot  for  the  first  twenty  feet  in  the 
rock,  and  add  twenty-five  cents  per  foot  every  ten  feet. 

llie  Loess  Loam, 

The  greater  portion  of  the  county  is  covered  with  this  loam.  It 
contains  no  gravel  or  boulders,  or  with  very  rare  exceptions,  but 
consists  almost  entirely  of  fine  siliceous  material  which  becomes  in 
some  places^ quite  clayey,  making  a  very  slippery  mud  when  wet. 
This  in  outward  appearance  is  of  a  light,  yellow  or  rusty  color,  and 
difibrs  in  that  respect  from  the  loam  seen  on  the  drifb-covered  por- 
tion of  the  county,  which  is  frequently  black,  or  brown,  varying 
to  an  ash  color  when  mingled  with  a  considerable  per  cent,  of  clay 
from  the  drift,  and  also  contains  gravel.  The  loess-loam  is  very 
homogeneous  over  wide  tracts,  while  that  in  the  drift  area  is  subject 
to  local  and  sunden  variations.  The  loess-loam  is  indistinctly 
stratified,  especially  in  the  valleys,  but  the  usual  appearance  is  that 
of  non-stratification.  This  stratified  arrangement  is  rendered  the 
less  evident  from  the  great  similarity  of  the  materials  firom  the  top 
to  the  bottom.  It  does  not  consist,  apparently,  in  any  change  from 
coarse  to  fine  in  the  sedimentation,  but  in  a  lamination  of  the 
homogeneous  clayey,  loam,  and  is  easily  obliterated  by  exposure,  or 
by  trickling  water.  This  condition  was  noted  particularly  at  Free* 
ton,  and  indicates  that  it  was  deposited  in  still,  or  gently  moving, 
water.  Where  this  loam  lies  over  the  old  northern  drift,  it  pass 
through  a  gravelly  stage,  the  materials  of  the  loam  mingling  with 
the  coarser  portions  of  the  drift,  and  becoming  finally  replaced  by 
the  drift.  The  diift  patches  covered  by  this  loam,  pertaining  to  the 
eastern  and  central  portions  of  the  county,  and  believed  to  belong 
to  an  earlier  drift  epoch,  are,  so  far  as  seen,  made  up  of  gravel  and 
sand,  with  small  stones.  No  drift  clay^  li^e  that  which  covers  the 
western  part  of  the  county,  has  been  seen  overlain  by  the  loeea- 
loam,  except  that  which  pertains  to  the  general  drift  sheet  of  the 
northwest,  and  which  occupies  a  narrow  belt  of  5  or  6  miles  wide, 
where  the  loam  overlaps  the  later  drift.  It  would  be  reasonable, 
however,  to  expect  that  some  such  clay  would  be  found.  The 
pebbles  that  are  thus  mixed  with  the  lower  portion  of  the  loam  are 
smooth  and   waterworn,  not  covered  with  a  coating  of  decayed 
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nuiterial  of  the  same  nature  as  the  pebbles  themselves,  as  they 
would  be  expected  to  be  if  the  loam  were  derived  from  the  decay, 
in  Bitu^  of  the  materials  of  the  drift.  The  thickness  of  the  loess- 
loam  sometimes  reaches  twenty  feet  in  the  open  upland,  and,  under 
favorable  circumstances,  where  it  might  have  accumulated  laterally, 
as  well  as  perpendicularly,  it  is  much  more.  It  is  tickest  in  the 
eastern  part  of  the  county. 

Alluvial  Terraces. 

At  Preston,  besides  the  flood  plain,  the  river  has  a  high  terrace- 
plain.  The  Stanwix  House  stands  on  it.  It  consists  of  loam  un- 
distinguishable  froA  the  loess-loam  that  covers  that  portion  of  the 
county.  The  same  may  be  seen  at  Lanesboro,  and  at  Whalen,  but 
it  is  not  conspicuous.  At  Bushford  fragmentary  remains  of  this 
high  terrace  are  seen  in  the  valleys  of  the  tributary  streams.  Along 
the  main  valley  they  are  not  well  preserved.  There  are  two  terrace 
levels,  besides  the  flood-plain.  The  highest  terrace  plain  is  from 
70  to  80  feet  al>ove  the  second,  and  about  ISO  feet  above  the  river. 
The  lower  terrace,  on  which  Rushford  stands,  is  about  40  teet  above 
the  river,  and  is  probably  never  reached  by  the  river  in  even  the 
highest  water.  Within  this  lower  terrace-plain,  which  spreads  out 
laterlly  and  forms  the  most  of  the  alluvial  land  between  the  rock- 
bluffs,  is  the  river  channel,  and  a  still  lower  flood-plain  about  20 
feet  above  the  river  at  low  stage.  A  similar  high  terrace  is  seen 
along  the  Mississippi  river  at  Winona,  in  Winona  county,  rising 
about  95  feet  above  the  river,  while  the  flat  on  which  the  city  of 
Winona  stands  is  about  25  feet  above  the  river  at  the  boat  landing, 
in  low  stage  of  water.  At  Rushford  and  Winona  the  high  terrace 
consists  of  a  material  different  from  the  loam  that  overspreads  the 
country,  being  made  up  of  stratified  sand.  This  terraced  condition 
of  the  valleys  of  Boot  river,  and  of  the  Mississippi,  is  confined,  so 
far  aa  observed,  to  tlie  loam-covered  area,  which  nearly  coincides 
with  the  ^'driftless  area/'  as  defined  and  described  by  Prof. 
Whitney. 

Material  Besowree* — FmH. 

In  addition  to  the  products  of  the  soil  which  will  always  be  her 
chief  source  of  material  wealth,  Fillmore  county  cannot  expect 
any  important  mineral  disooveries  to  augment  her  material  pros- 
perity.   She  has  a  good  supply  of  forest  for  purposes  of  common 

Digitized  by  VJH^^V  IC 


68  GBOIiOGIOAX.  AND  NATtTBAL  BIBTOBT      « 

ftiol,  and  will  not  suffer  from  the  abseaoe  of  coal,  as  some  of 
the  counties  farther  west  have  suffered.  She  will  have  to  depend 
on  ^er  native  forest  trees,  or  on  those  that  are  being  propagated 
succ^sfully,  for  the  most  of  her  home  Aiel  supply.  There  is  as 
marked  an  absence  of  peat  in  this  county  as  there  is  in  Mower,  but 
a  single  locality  being  noted.  That  occurs  on  S.  £.  i  sec.  26,  Spring 
Valley,  land  of  John  E[leckler  and  David  Broxlem,  and  is  eaid  to  be 
about  four  feet  thick,  covering  four  or  five  acres.  There  is  no  doubt 
but  other,  isolated,  small  areas,  of  a  turf-peat,  also  exist  in  the 
county,  but  the  circumstances  which  promoted  the  production  of  so 
large  a  surface  of  peat  in  Freeborn  county,  are  certainly  wanting  in 
Fillmore  county.  The  frequency  of  lakes  and  swamps,  and  abund- 
ance of  peat,  coinciding  as  they  do  in  Freeborn  .^unty,  taken  with 
the  absence  of  both  in  Mower  and  Fillmore,  point  to  the  existence 
of  a  common  cause  for  these  surface  features. 


Iron. 


Throughout  the  western  portion  of  the  county  there  is  a  great 
deal  of  surface  iron,  manifesting  itself  generally  in  the  form  of  a  oe- 
ment  in  gravel,  forming  a  dark-colored  crag.  There  is  also  -mach 
evidence  of  the  existence  of  a  heavy  continuous  layer  or  deposit  of 
limonite  iron  ore  a  few'  feet  below  the  surface,  in  Bloomfield  and 
Beaver  townships.  The  details  of  these  localities,  and  of  the  evi- 
dence of  iron,  so  far  as  ascertainable,  have  been  given  under  the 
heads  of  Cretaceous  and  Drift.  Should  this  bed  prove  to  be  exten- 
sive, its  actual  value  for  commercial  purposes  may  vary  greatly 
from  its  intrinsic  value.  It  consists  of  a  loose-textured  hydrated 
peroxyd,  with  ochery  impurities,  and  bears  a  dose  resemblance 
to  some  bog-ore  deposits ;  but  its  occurrence  on  high  land,  instead 
of  in  swamps,  necessitates  some  other  explanation  for  its  existence 
than  that  ascribed  to  the  occurrence  of  most  bog-ore  deposits.  It 
may  have  originated  during  that  swampy  condition  of  Southern  Min- 
nesota when  the  peat  grew  that  is  embraced  in  the  drift  deposits,  as 
already  detailed.  It  is  not  probable  that  it  will  ever  be  found  val- 
uable tor  the  manufacture  of  iron.  Before  the  opening  up  of  the 
vast,  and  richer,  iron  ore  beds  of  Michigan  and  Missouri,  the  bog- 
ores  were  considerably  used  in  the  production  of  iron,  on  a  small 
scale,  in  several  of  the  western  States,  but  the  small  furnaces  that 
smelted  them  have  all  ceased  operations  many  years  ago.  Another 
obstacle  to  the  utilization  of  this  deposit  in  Fillmore  county,  will  be 
the  lack  of  fuel  in  convenient  and  sufficient  quantities. 


Digitized  by 


Google 


SCRVIBT  OF  MnnnssoTA.  69 

Lead. 

While  the  Galena  limestone,  which  is  eminently  lead-bearing  at 
Dubuque  and  Galena,  passes,  in  its  northwestern  trend,  across  the 
southwestern  portion  of  Fillmore  county,  it  has  not  been  discovered 
to  afford  the  same  amount  of  lead  as  in  Iowa  and  Illinois.  Indeed, 
at  points  more  remote  from  the  Mississippi  river,  in  Iowa,  no  re- 
markable deposits  of  lead  have  been  obtained  from  it.  There  is  not 
a  total  absence  of  lead  from  its  layers,  since  a  few  localities  are 
known  to  have  afforded  it  in  limited  quantities.  The  same  is  true 
of  the  lower  Trenton  ;  which  seems  to  indicate  that  the  presence  of 
lead  in  the  limestones  of  this  region  does  not  depend  on  the  kind  or 
age  of  the  formation,  but  rather  on  some  later,  superimposed  condi- 
tions that  prevailed  over  the  region,  subjecting  various  formations 
\p  the  same  influences. 

All  the  limestones  of  the  county  are  suitable  for  quicklime,  but 
by  far  the  greater  quantity  is  made  from  the  upper  Trenton,  In  the 
townships  of  Sumner  and  Spring  Valley,  all  the  circumstances  ne- 
cessary for  the  cheap  and  rapid  production  of  quicklime  of  the  best 
quality  co-exist,  viz. :  a  suitable  limestone,  abundant  exposure,  and 
plenty  of  fuel.  The  Trenton  there  forms  some  of  its  characteristic 
outcrops,  constituting  the  bluffs  of  the  streams  continuously  for 
many  miles,  and  rising  a  hundred  or  a  hundred  and  fifty  feet  above 
the  valleys.  The  kilns  are  built  at  the  foot  of  the  blufi,  and  the 
stone  is  cheaply  obtained,  without  much  cost  of  transportation. 
Wood  is  also  abundant  at  present,  much  of  that  portion  of  the  coun- 
ty being  covered  by  a  heavy  forest  growth. 

The  following  list  of  lime-burners,  with  their  localities  and  esti- 
mated production  for  the  year,  will  give  some  idea  of  the  extent  of 
the  business  now  carried  on : 

Pahner  and  Miller,  Bear  Creek,  three  kilns 2,000  bushels. 

N.  E.  Fetterly,  Bear  Creek,  three  kiUis 5,000  bushels. 

L.  6.  Odell,  Bear  Creek,  three  kilns,  (one  draw- kiln) 5,000  bushels. 

Charles  Gortoo,  Bear  Creek,  one  kiln 1,000  bushels. 

Allen  Brothers,  Bear  Creek,  one  kiln  1 ,000  bushels. 

J.  Flnley,  Bear  Creek,  one  kiln  2,000  bushels. 

Isaac  Kegley,  Bear  Creek,  one  kiln 600  bushels. 

Lem.  Stout,  Bear  Creek,  one  kiln 2,000  busheU. 

T.  J.  Hammer,  Bear  Cre^,  one  kiln 2,000  bushels. 

Blder  Qjms  Young,  Bear  Creek,  two  kilns Not  in  use. 
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Hanrey  McQaillan,  Bear  Creek,  two  kilns Not  in  use. 

Olds  and  Braley,  sec.  9,  Spring  Valley,  one  kUn 8,000  bushels. 

I.rN.  CnmmlDgs,  sec.  11,  Spring  Valley,  one  kiln 

J.  H.  Hall,  sec.  12,  Spring  Valley 8,500  bnsbels. 

These  all  bum  the  apper  Trenton,  and  there  is  no  noteworthy  dif- 
ference in  the  quality  either  of  the  rock  or  of  the  lime  produced. 
According  to  the  testimony  of  several,  however,  there  are  certain 
layers,  near  the  bottom  of  the  formation,  which  are  not  suitable  for 
quicklime.  Some  layers  also  are  arenaceous,  and  have  to  be  avoid- 
ed, but  the  great  mass  of  the  rock  is  exceedingly  well  adapted  to 
making  quicklime. 

The  kilns  used  are,  for  the  most  part,  of  the  rudest  construction, 
presenting  no  improvement  over  the  ancient  and  well-known  <^  pot- 
kiln."  They  have  to  be  emptied  and  refilled  for  every  burning.  Mr. 
L.  6.  Odell  has  the  only  draw-kiln  seen  in  the  county.  In  this  part 
of  the  county,  mixed  wood  sells  for  two  dollars  or  two  dollars  and 
fifty  cents  per  cord.  The  average  price  of  lime  is  twenty-five  cents 
per  bushel,  but  it  fluctuates  fh>m  twenty  to  forty.  In  July,  1875, 
it  was  selling  for  twenty  cents ;  but  in  September  it  brought  forty 
cents.  The  lime  itself  is  generally  nearly  white  after  being  burnt, 
but  in  some  places  it  has  an  ashen  white  color,  though  on  slacking 
it  is  always  white.  It  slacks  with  rapidity,  evolving  considerable 
heat.  It  requires  fvom  sixty  to  soventy-two  hours  to  burn  a  kiln, 
depending  on  the  size  of  the  kiln,  and  somewhat  on  its  shape,  and 
consuming  about  ten  cords  of  dry  mixed  wood.  When  ftreshly  and 
thoroughly  burnt,  one  bushel  by  measure  weighs  about  75  pounds, 
but  if  not  well  burnt,  it  will  exceed  80  pounds.  *^  Delivered  at 
Spring  Valley,  by  weight  it  is  sold  at  the  same  price  as  by  measure 
at  the  kiln."  When  shipped  from  Spring  Valley  it  generally  goes 
west,  to  points  along  the  Southern  Minnesota  railroad,  and  is  known 
as  Spring  VaUey  white  lime. 

Throughout  the  county,  where  the  Trenton  limestone  i^pears, 
there  are  other  lime-kilns  that  supply  the  local  demand.  The  fol- 
lowing were  noted : 

At  Carimona,  by  William  Benslow. 
At  Forestville,  by  Frank  Turner* 
At  Chatfleld,  by  Dennis  Jacobs. 
Sec.  86,  Carimona,  by  Mr.  Bollins. 
Sec.  25,  Canton,  by  Simon  Honck. 

The  Shakopee  is  not  used  for  making  lime  in  Fillmore  county, 
though  it  is  extensively  burned  in  the  lower  Minnesota  valley,  at 
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Ibakato  and  at  Shakopee^  The  St.  Lawrence  limestone  is  some- 
what employed  for  this  purpose,  and  affords  a  lime  that  is  nearly 
white,  and  is  said  to  weigh  80  pounds  per  bushel  of  measure.  At 
Lanesboro  this  lime  sells  at  $1.26  per  barrel,  or  fifty  cents  per  bush- 
el, wood  costing  five  or  six  dollars  per  cord.  Mr.  Sherman's  kiln 
holds  about  BOO  bushels,  and  requires  10  to  11  cords  of  wood  for 
thorough  calcination,  burning  about  48  hours.  But  little  is  shipped 
firom  here.  The  lime  is  about  white,  and  slacks  perfectly  white. 
The  following  list  embraces  all  known  kihis  that  are  run  from  the 
St.  Lawrence : 

At  Lanesboro,  by  B.  Sherman. 
At  Laneaboro,  by  Moses  Greer. 
At  Lanesboro,  by  Mr.  Butler. 
AtBushford,  by  Jos.  Otis. 
At  Rushford,  by  Wm.  Crampton. 

BrUk. 

There  is  no  lack  of  materials  for  making  common  red  brick.  In 
some  places  the  surface  of  the  drift  clay  is  used,  containing  some 
fine  gravel,  and  at  others  the  loess-loam.  Brickmaking  machinery 
was  met  with  in  the  survey  of  the  county  at  the  following  points : 

Sec.  20,  Spring  YaUey,  J.  W.  Smith. 
ForestvlUe,  Michael  Shields. 
Preston,  FraDklin  Coleman. 
Lanesboro,  Thomas  Dunsmore. 
Chatfleld,  Wm.  Stafford. 
Lanesboro,  W;  H.  Roberts. 
Rnshford,  Ole  Toff. 
Qranger,  (formerly,)  Mr.  Ferris. 
Peterson,   ■■ 

Oold^  Oapper, 

In  small  quantities  gold  has  been  washed,  by  rude  methods,  from 
the  drift  at  several  points  in  the  county.  It  was  found  on  Luke 
Hague's  l^nd,  in  gravel,  northeast  quarter  section  26,  Spring  Val- 
ley, and  at  Teari ton's  saw  mill,  section  31,  Jordan.  There  are  ac- 
counts also  of  fragments  of  native  copper  having  been  found  in  the 
drift.  It  is  hardly  necessary  to  say  that  these  discoveries  do  not 
indicate  any  valuable  deposit  of  the  kind  in  the  rocks  of  the  locali- 
ties  where  they  may  be  found.    They  pertain  to  the  drift,  and  have 
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been  transported  hundreds  of  miles  along  with  the  other  foreign 
sabstanoes  in  which  ,they  occur,  from  the  northern  part  of  the  State. 
8ach  discoveries  have  sometimes  awakened  an  interest  that  has  cal- 
minated  in  stock  companies  formed  for  mining,  and  in  the  wasting 
of  thousands  of  dollars.  Similar  small  quantities  of  gold  oan  be 
got  by  a  minute  washing  of  the  drifb  at  almost  any  place  where  the 
drift  sheet  is  attenuated,  or  where  the  older  glacial  drift  has  been 
denuded,  leaving  the  gold,  which  is  indestructible,  either  by  the 
lapse  of  time  or  by  the  chemistry  of  the  elements,  on  the  rock  sur- 
face underlying.  Almost  every  geological  report  in  the  country 
makes  mention  of  them,  extending  at  least  through  Ohio,  Illinois, 
Indiana,  Wisconsin  and  Iowa. 

BuHding-Stone, 

With  this  necessary  article  Fillmore  county  is  also  well  supplied, 
and  it  has  been  put  to  an  extensive  use.  There  are  hundreds  of 
openings  made  to  supply  a  local  demand,  besides  a  gi-eat  many 
more  extensive  quarries  which  are  known  for  a  good  many  miles 
round.  A  great  deal  of  stone  for  buildmg  is  shipped  to  counties 
west,  which  are  drift-covered,  and  without  accessible  building  stone. 
Probably  three-fourths  of  the  building-stone  used  in  the  county  is 
derived  fh>m  the  Trenton,  the  other  fourth  being  made  up  of  the 
Galena  and  the  St.  Lawrence.  The  Lower  Trenton  is  most  fre- 
quently employed.  This  is  largely  owing  to  the  prominent  manner 
of  its  outcrops,  as  shown  under  the  head  of  Drainage  and  of  6'ur- 
face-Features.  The  Upper  Trenton  has  been  used  in  the  construc- 
tion of  several  schoolhouses  and  private  residences.  At  Spring 
Valley  the  Galena  is  principally  used.  At  Lanesboro,  Whalen,  Pe- 
terson and  Rushford,  the  St.  Lawrence.  The  Shakopee  and  Jordan 
are  but  rarely  resorted  to. 

Probably  the  best  known  quarry  in  the  county  is  that  of  Mr. 
Joseph  Taylor,  near  Fountain.  It  is  situated  near  the  railroad,  from 
which  a  side  track  allows  the  loading  of  cars.  It  is  in  the  Lower 
Trenton,  and  supplies  the  '*  blue  limestone  "  that  is  so  largely  ship- 
ped by  the  Southern  Minnesota  Railroad  to  points  on  its  line  in 
Mower,  Freeborn  and  Faribault  counties.  The  beds  are  usually 
less  than  six  inches  in  thickness,  and  they  are  easily  broken  to  any 
desired  size.  It  is  a  hard  stone,  not  easily  cut,  but  can  be  dressed 
if  necessary.  It  is  not  injured  by  disseminated  shale,  as  much  of 
the  Lower  Trenton  is,  and  hence  makes  a  very  durable  material. 
Mr.  Taylor  delivers  it  on  the  cars  at  $4.60  per  cord  of  128  feet. 
At  Fountain  are  several  buildings  oonstructed  of  this  stone. 
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Besides  the  qoarries  in  the  Trenton  that  haTe  been  mentioned  in 
giving  the  sdentific  geology  of  that  formation,  a  namber  were  vie* 
ited  at  which  no  new  facts  of  interest  were  noted.  Such  were  Ole 
Oleson's,  northeast  quarter  section  86,  Harmony ;  Wm  •  Wilbrlghfs 
and  Martin  Qainn's,  section  15,  Forestville :  Greoi^e  Dmry's,  sec- 
tion 8,  Bristol ;  Gktrrett  Mensing's,  southwest  quarter  section  27, 
Forestville.  It  would  be  impossible,  and  unnecessary,  to  mention 
all  the  places  where  this  limestone  has  been  wrought.  In  traveling 
over  the  county  a  number  of  stone  houses  for  residence  were  seen, 
belonging  to  farmers.  Such  are  O.  (yHara's,  southwest  quarter 
section  18,  Amherst,  from  the  Trenton ;  Mr.  George  Park's,  section 
37,  Bloomfield,  from  the  Galena  of  Mr.  S.  S.  Belding's  quarry. 
The  stone  mill  at  Preston  is  of  the  Trenton.  Of  the  quarries  in  the 
Gkklena  at  Spring  Valley,  those  of  Mr.  Shumaker  and  of  Mr.  Allen 
are  the  most  important.  The  former  furnishes  a  beautilhl  fine- 
grained cut-stone  for  trimmings,  as  well  as  stone  for  common  walls. 
The  latter  supplies  a  darker-colored,  and  coarser  stone,  which  has 
been  considerably  used. 

From  the  St.  Lawrence  limestone  a  very  fine  building  stone  is  ob- 
tained. It  is  a  fortunate  circumstance  that  very  much  of  this  form- 
ation is  in  regular,  and  often  in  heavy  layers.  These  are  also  not 
so  firm  as  to  resist  the  usual  means  for  quarrying.  When  the  beds 
are  broken  the  blocks  are  found  to  possess  often  a  finely  vesicular 
texture.  Their  color  is  a  very  light  yellow,  or  buff,  resembling  that 
of  the  well  known  '^  Milwaukee  brick.*'  The  principal  buildings 
at  Lanesboro,  including  the  Lanesboro  Hotel,  the  flouring  mill  of 
Thompson  A  Williams,  the  Presbyterian  and  Catholic  churches,  the 
public  Bchoolhouse,  and  a  number  of  stores,  are  of  the  St.  Law* 
rence,  quarried  at  Lanesboro,  and  from  land  owned  by  the  Lanes.- 
boro  Company.  At  Whalen  are  excellent  opportunities  for  obtain- 
ing this  stone  in  its  best  condition.  It  has  been  somewhat  wrought 
on  Whalen's  Bluff.  Quarries  in  the  same  are  owned  at  Rushford  by 
Wm.  Crampton,  Jos.  Otis  and  Hiram  Walker.  Mr.  Crampton's 
quarry  furnished  the  stone  put  into  Boyam's  store,  and  also  that  of 
A.  E.  Hanson's.  Mr.  E.  Larson's  was  built  from  Mr.  Otis'  quarry, 
and  that  of  Eierland  &  Son  from  Mr.  Walker's.  At  Amherst  P.  O. 
the  Jordan  is  quarried  some  for  foundations,  and  the  Shakopee  at 
Chatfield. 

Sand  for  Mortar  and  Concrete. 

Wherever  the  St.  Peter  sandstone  is  accessible  it  is  employed  for 
making  mortar.    It  is  equally  good  for  hard-finish,  being,  when  ta- 
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ken  ftom  a#me  deptii,  purely  wMte  and  of  very  uniform 
There  are,  however,  aome  portions  of  the  county  where  it  is  much 
mora  difficult  to  obtain  a  sand  suitable  for  oommon  mortar.  In  Hie 
western  part  of  the  county  a  white  sand,  or  one  nearly  white  is  ob- 
tained firom  deposits  referable  to  the  Lower  Cretaceous.  Theae 
have  been  mentioned  under  the  head  of  Cretaceous.  They  are  found 
on  the  land  of  C*  C.  Temple,  southeast  quarter  section  8«  Bloom- 
field,  on  section  17,  Spring  Valley,  on  Andrew  McNee's  land,  north- 
west quarter  section  22,  Bloomfield,  and  on  J.  M.  Rezford's, 'north- 
east quarter  section  86.  Mr.  Temple  deliver's  sand  at  Spring  Val- 
ley for  $1.75  per  load,  of  two  tons.  One  team  can  haul  five  such 
loads  per  day,  but  generally  hauls  but  three.  From  three  to  five 
hundred  dollars  worth  are  taken  from  Mr.  Temple's  sand  pit  annu^ 
ally.  Besides  these  sources  for  mortar-sand,  the  Jordan  sandstone, 
which  is  often  as  incoherent  as  the  St.  Peter,  can  be  used  to  advan- 
tage, though  it  is  rather  more  apt  to  be  cemented  by  iron.  There 
can  be  no  question  but  the  compact  and  impervious  nature  of  the 
green  shales  of  the  lower  Trenton  have  preserved  the  incoherency 
of  the  St.  Peter,  by  preventing  the  downward  percolation  of  ferrif- 
erous and  calcareous  waters,  which  certainly  would  have  left  their 
impurities  in  the  form  of  cement  among  its  beautiful  white  grains. 

The  proximity  and  cheapness  of  lime  and  sand  have  suggested 
the  building  of  houses  by  mixing  these  substances  in  the  form  of  a 
concrete.  Several  such  are  found  at  Fillmore,  also  in  Jordan,  and 
at  Bushford ;  but  this  method  is  not  general.  The  materiid  is  cast 
in  the  form  of  large  brick,  having  the  color  of  common  brown  morter, 
and  these  blocks  are  laid  i^>  much  like  oommon  brick  walls.  Patent 
presses  are  used  to  make  the  concrete  blocks. 
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REPORT   ON   OLMSTED  COUNTY. 


BT  M.  W.   HABBINOTON. 


This  large  and  wealthy  county  lies  in  the  second  tier  of  ooanties 
north  of  Iowa.  It  is  separated  ftrom  the  Mississippi  Biver  by 
Winona  coanty  on  the  east.  Fillmore  and  Mower  counties  on  the 
south  separate  it  ftrom  Iowa.  It  is  bounded  on  the  west  by  Dodge 
county  and  on  the  north  by  Goodhue  and  Wabasha  counties. 
Olmsted  eounty  is  nearly  a  rectangle  with  five  ranges  of  townships 
east  and  west  and  four  ranges  north  and  south.  The  geometrical 
figure  is  rendered  irregular  by  Wabasha  county  which  takes  out  two 
townships  from  the  northeast  comSr.  This  irregularity  is  farther 
increased  by  iem  east  and  west  row  of  twelve  townships  on  the 
western  part  of  the  south  side  of  the  county,  and  extending  half  a 
section  farther  west  than  the  rest  of  the  county.  The  county  con- 
tains 18  complete  townships  of  86  sections  each,  and  twelve  sec- 
tions in  addition,  making  654  sections  or  square  miles  in  all. 

The  following  table  gives  the  area  in  acres  of  each  of  the  town- 
ships of  the  county.  It  is  from  the  office  of  the  State  Auditor, 
Hon.  O.  P.  Whitcomb  : 
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Name. 


Elmlr 

Dover 

Quincy 

OrloD 

Eyoto 

Viola 

Pleasant  Grore. 

Marlon 

Haverhill 

Farmington 

High  Forest.... 

Bochester 

Cascade  

Oronoco 


Bock  Dell. . . 

Salem 

Kalmar 

Kew  Haven. 


Total  acres  and  ftractlons . 


Township 

N. 


105 
106 
107 
106 
106 
107 
106 
106 
107 
108 
C104 
>  106 
.  106 
107 
108 

106 
107 
108 


Bange. 


11 
11 
11 
12 
12 
12 
18 
18 
18 
18 
14  (6  sections) ) 

1*        5 
14 
14 
14 
16  (6  sections)  > 
16         i 
16 
16 
16 


Acres  and 
Fractions. 


28,008.69 
28,019.01 
28,088.81 
22,992.63 
22,988.90 
22,977.97 
28,090.18 
22,968.10 
28,006.91 
22,810.11 

26,804.42 

22,978.76 
22,916.45 
22,968.06 

26,809.28 

28,002.85 
22,990.60 
28,067.89 


421.841.96 


Drainage. — Streams  are  plentifal  and  their  flail  moderate.  The 
water  reaches  the  Mississippi  by  three  paths.  The  central,  north- 
em  and  western  parts  of  the  county  are  drained  by  the  Zumbro 
Blver.  •  This  stream  runs  north  into  Wabasha  coanty,  when  it  turns 
east  and  makes  its  way  to  the  Mssissippi.  It  comes  into  Boches- 
ter from  the  southwest,  and  within  the  city  limits  Bear  Creek,  from 
the  southeast,  Silver  Creek,  from  the  east,  and  Cascade  Creek,  from 
the  west,  empty  into  it.  Near  the  north  line  of  the  county  it  re- 
ceives  quite  a  stream  resulting  from  the  union  of  the  Middle  and 
North  forks  of  the  Zumbrow  The  southern  tier  of  townships  are 
drained  by  Boot  Biyer,  whicb,  very  sinuous,  takes  a  generally  east 
course  for  the  Mississippi.  It  has  in  the  county  no  affluents  of  any 
size,  except  at  Chatfield,  where  a  stream  of  small  sixe  comes  in 
from  the  north  On  the  eastern  border  of  the  county  some  branches 
of  the  small  Whitewater  Biver  reach  this  county. 

There  are  no  lakes  in  the  county.  There  are  a  few  small  ponds 
which  in  no  sense  deserve  the  name  of  lakes.  Streams  which  sink 
into  the  ground  and  disappear  are  said  to  be  not  rare.  The  U.  S. 
surveyor's  plat  of  Farmington  township  lays  down  one  such  stream. 
Another  is  laid  down  on  other  maps  in  Elmira  township ;  and  an- 
other in  Haverhill  and  Viola  townships.  From  reports  in  various 
parts  of  the  county,  it  seems  they  prevail  where  either  the  Lower 
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or  nppe»  (GrAlenft)  Hagnesian  limestone  oocars — a  state  of  things 
to  be  expected,  as  will  be  noted  when  these  fonnations  are 
discussed. 

Living  firings  of  cool,  pure  water,  of  the  best  quality,  are  not 
rare.  They  are  by  far  most  common  on  the  south  or  west  sides  of 
bluffs,  where  the  green  clay  of  the  lower  part  of  the  Trenton  Lime- 
stone  comes  to  the  surface.  This  clay  is  impervious  to  water.  The 
formations  dip  slightly  toward  the  southwest.  The  layer  of  cli^ 
forms  a  nearly  level  floor  of  which  the  southern  and  western  sides  are 
lower  than  the  others.  The  water  will  consequently  come  out  on 
these  sides.  The  springs  are  frequently  of  large  size.  The  phe- 
nomenon of  a  row  of  springs  some  distance  up  the  sides  of  a  bluff, 
while  the  base  of  the  bluff  furnishes  no  springs,  is  by  no  means  a 
rare  one.  Spongy  earth  is  apt  to  collect  about  the  month  of  the 
spring.  When  filled  with  water,  it  is  soft  and  very  miry.  In  form- 
&c  times,  when  the  road  crossed  such  spots,  bad  mudholes  were 
found.  They  have  now  been  generally  tapped  and  drained,  though 
they  are  still  occasionally  met  on  the  less-traveled  roads. 

WcUer-powers. — Olmsted  county  is  more  than  usually  favored 
with  good  water-powers.  This  results  from  the  large  number  of 
streams,  the  swiftness  of  their  currents  and  the  favorable  nature  of 
the  banks  and  bottom.  The  information  which  is  given  in  the  fol- 
lowing table  was  derived  horn  Mr.  F.  T.  Olds,  of  the  firm  of  Olds  <& 
Fishback,  owners  of  Rochester  City  Mills,  and  from  John  M.  Cole, 
owner  of  Zumbro  MUls. 

Water-Povoer  MiUs  in  Olmsted  County. 


Name  of  Mills. 


BMliMter     City 

Mills 

Zambro  Mills.... 

CMCMleMlUB.... 


Woolen  MiU 

Oronoco  MlUs... 

Middleton*s  MiU. 

SawMUl 

StewurtnUe 


Custom  Mill.. 
Qulncy  Mills  . 
SiirMiU 


Owner. 


Olds  &  Fishback. 
Jno.M.Cole 


Lyman  Tondro. 


Wm.  Bartley... 

Allis,  Gooding  Si 
Hibberd 

ILMlddleton... 

Jas.  Button 

Chas.  Stewart.. 

J.  Fogle 

-Bnglish.... 


-Ambler*. 


Location. 


Rochester  City 


Oronoco  Vil 

Kalmar 

New  Haven.. 
Hlffli  Forest 

Orion 

it 

Onincy 

New  Haven. 


Stream. 


Zumbro. 

Zumbro  with 

Bear  Creek 

Cascade  Or... 

Bear  Creek.. 

Zumbro 

it 

Boot 

«t 

(I 

Whitewater . 

Zumbro 


^ 

^•d 

®2 

u 

So 

16 

4 

10 

4 

ir 

2 

17 

16 

7 

BH 

S 

e 

12 

8 

••.••• 

trnaU. 

■msll. 

10 

2  or  3 

10 

Capacity 
per  day. 


100  bbls. 

lOObbls. 

60  bbls. 
60  horse 
power,  on- 
ly partly 
^improved. 

iBObbls. 

86  bbls. 

60  bbls. 
60  bbls. 
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Several  uniznproyed  powera  are  reported.  There  are  eome  be- 
tween BoQhester  and  the  north  boundary  of  the  eoanty,  hat  bad 
bottom  and  banks  prevent  their  improvement.  There  are  said  to 
be  two  good  powere  between  Oronoco  Mille  and  the  main  gtream. 
An  unimproved  power  is  said  to  be  foand  at  Genoa.  At  High  For- 
est villi^  a  water-power  was  improved  years  ago,  bat  has  beoi 
permitted  to  go  to  ruin. 

The  Surface  is  mnch  diversified  and  the  natural  scenery  very 
pleading  to  the  eye.  The  surface  is  generally  rolling.  Along  the 
streams  blufib  are  found  sometimes  nearly  200  feet  high.  These 
bluffs  are  usually  steep,  level-topped,  and  characteristic  of  the  geo- 
l(^cal  formation  which  makes  them.  They  are  most  common  in 
the  central  and  eastern  parts  of  the  county.  Rochester  lies  in  a 
valley,  with  blufih  all  around  it.  It  climbs  the  bluff  toward  the 
west.  Dover  Center,  Marion  and  Chatfield  lie  in  similar  valleys. 
Curious  isolated  mounds  are  common,  especially  along  the  east  side 
of  the  Zumbro  in  the  southwest  comer  of  Farmington  and  the  a<iUa- 
cent  corners  of  neighboring  townships.  They  are  also  common  in 
Elmira.  Toward  the  west  the  surface  is  much  more  level.  ■  Much 
of  Bock  Dell  township  is  like  the  prairies  just  south  and  west  of  it. 
The  name  of  the  township  is  derived  fh>m  two  or  three  rocky  dells 
in  its  northern  part. 

The  following  notes  were  taken  fh>m  the  plats  of  the  government 
survey  of  the  county.  These  plats  were  not  dated,  but  according 
to  the  8tate  Auditor's  records  the  county  was  surveyed  in  1^4  and 
1855.  They  were  found  in  the  office  of  the  county  register,  where 
access  was  given  to  them  with  the  utmost  courtesy : 

Farmtnpton.— (T.  108  N.,  18  W.)  This  was  a  prairie  township. 
From  an  isolated  bluff  in  section  19  extended  a  stream  which  sank 
in  about  the  middle  of  section  28.  The  magnetic  variation  varied 
from  8o  24'  to  90  51'.    Several  marshes  of  some  size  were  recorded. 

Oronooo. — (T.  108  N.,  14  W.)  No  marshes  worth  noting  are 
shown  on  this  plat.  Wood  accompanies  the  streams,  varying  from 
one  to  three  miles  in  extent.  The  Zumbro  on  this  and  other 
early  maps  is  called  the  Embarass  B.  The  bluffs  along  the  river  are 
sometimes  marked  100  feet.  The  magnetic  variation  varied  from 
8°  24'  to  90  56'. 

mw  Eamn.—{T.  108  N.,  15  W.)  This  township  is  represented 
as  quite  uneven,  and  bluffs  occur  along  the  streams.  Woods  fol- 
low the  streams,  and  two  or  three  aspen  thickets  are  marked.  The 
magnetic  variation  was  8^  55'  to  9o  54'. 

Q^incy. — (T.  107  N-,  11  W.)     This  was  mostly  prairie  when  8U^ 
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Teyed.  There  was  some  wood  along  Btreams,  and  a  few  acattering 
thickets.  A  single  small  marsh  was  marked.  Blaflb  accompany  ttie 
streams.    Magnetic  variation,  do  27'  to  9o  51'. 

Viola,—{T.  107  N.,  12  W.)  Several  small  marshes  were  marked. 
A  range  of  prairie  extended,  east  and  west,  through  the  middle. 
Prairie  also  occupied  the  northeast  comer.  Blufl^  accompany  the 
streams  here  also.    Magnetic  variation,  8^  26'  to  90  34'. 

JSTowrAifl.— (T.  107  N.,  13  W.)  About  half  of  the  town  is  prai- 
rie. Woods  extend,  as  usual,  along  the  streams,  which  are  accom« 
panied  by  bluffs.  Several  marshes,  none  of  great  size,  are  platted. 
Magnetic  variation,  8o  to  9o  41'. 

Oa9cade.—{T.  107  N.,  14  W.)  There  are  no  marshes  laid  down 
in  this  township.  It  is  nearly  all  prairie^land,  brush  accompanying 
the  streams  generally,  and  a  few  scattering  thickets  being  marked. 
The  blufb  along  the  river  are  sometimes  quite  elevated  for  the 
county.    Magnetic  variation,  8o  18'  to  9o  33'. 

KcUfnar.'-(T.  107  N.,  15  W.)  Rather  heavy  timber  occupies 
the  northwestern  part.  An  isolated  grove  is  marked  in  sections  13 
and  14.  A  single  marsh  is  laid  down  in  sections  11  and  12.  The 
banks  of  the  fork  of  the  Zumbro  are  blufiy.  Magnetic  variation 
8^  86'  to  9o  85'. 

Dover— (T.  106  N.,  11  W.)  The  township  is  an  essentialLy 
prairie  one,  though  many  isolated  thickets  are  marked,  and  there 
is  some  wood  along  a  branch  of  the  Whitewater  river.  The  marshes 
are  few  and  insignificant.  The  magnetic  variation  is  from  So  40'  to 
9o  50'. 

Eyota.—{T.  106. N.,  12  W.)  A  broad  belt  of  timber,  about  three 
miles  wide,  crosses  the  township  diagonally  flrom  the  northwest  cor- 
ner.   The  magnetic  variation,  9^  to  10^  40'. 

Marion. — (T.  106  N.,  18  W.)  Several  marshes  are  given.  The 
land  is  wooded  along  the  streams,  leaving  about  one-third  of  the 
township  in  prairie.    Magnetic  variation,  8o  40'  to  IQO, 

Bo€heBter.—(T.  106  N.,  14  W.)  The  township  is  mostly  brushy, 
with  scattering  timber.  Blufl^  accompany  the  streams.  Sevend 
marshes  are  laid  down.    Magnetic  variation,  8^  15'  to  9^  50^. 

8cd€m.—{T.  106  N.,  15  W.)  Two  marshei^"  of  about  120  acres 
each,  and  one  of  about  160  acres  are  given.  About  two-thirds  are 
marked  as  wooded,  but  the  prairie  portion  comes  at  the  north, 
where  the  streams  are  meat  abundant.  The  streams  are  not  iliarked 
as  blu£^.    Magnetic  yariation;  8^  47""  to  9""  38^ 

B1mira.—(T.  105,  N.  11  .W.)  This  township  was  about  half- 
wooded.     An  independent  drainage  is  marked  in  sections  8,  9, 
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16,  17.    Blafly  moands  not  on  streams  are  marked.    Magnetic  va- 
riation, 80  46'  to  10°  56'. 

Orion  (T.  106  N.,  12  W.)  is  somewhat  wooded  along  streams. 
In  sections  10  and  16  a  stream  is  represented  ;m  sinking.  The 
banks  of  Boot  river  are  bluffy.  A  small  lake  is  given  in  sections 
86  and  86.     Magnetic  variation  9^  20'  to  12P  12'. 

Pleasant  drove.— (T.  106  N.,  18  W.)  A  large  marsh  of  aboat 
120  acres  is  laid  down  in  the  southern  part  of  the  township.  A 
band  of  woods  about  8  miles  wide  accompanies  the  river,  the  banks 
of  which  are  bluffy.     Magnetic  variation  8^  26'  to  10^  67'. 

High  Forest. — (T.  106  N.,  14  W.,  with  a  range  of  sections  in  T. 
104  N.,  14  W.)  A  large  marsh — about  820  acres — ^is  laid  down  in 
sections  80  and  81.  The  township  is  wooded  along  the  streams, 
but  is  about  half  prairie.     Magnetic  variation  6^  46'  to  9^  66^. 

^cA;  DeU.—{T,  106  N.,  Id  W.,  with  a  range  of  sections  in  T. 
104  N,,  15  W.)  A  large  marsh— 320  acres— in  the  northwestern 
part.  The  land  along  the  streams  is  little  wooded.  The  banks  of 
the  streams  in  the  northern  part  are  bluffy ;  in  the  southern^  not. 
Magnetic  variation  7©  40'  to  9^  18'- 

There  seems  to  be  no^  easily  recognizable  order  in  the  magnetic 
variation  for  different  parts  of  the  county.  The  extremes  were  %^ 
46'  and  l^  12',  in  High  Forest  and  Orion  respectively.  Both  these 
towns  are  on  the  south  side  and  not  far  apartv 

Some  elevations  have  been  taken  on  lines  of  railroad,  built  or  pro- 
posed, through  the  county.  Those  of  the  Winona  and  St.  Peter  B. 
B.  I  have  not  been  able  to  see.  Mr.  W.  D.  Hurlbut  tells  me  that 
the  survey  for  this  railroad  makes  Eyota  1,210  feet  above  the  sea, 
and  gives  the  same  height  (1,210  feet)  to  Byron. 

The  following  are  elevations  on  the  line  of  a  proposed  railroad 
from  Wabasha  to  Austin,  and  along  the  lines  of  several  other  pro- 
posed roads.  Some  of  them  fall  in  neighboring  counties,  but  they 
are  given  here  to  make  them  of  general  use.  They  are  fh>m  the 
notes  of  Horace  Horton,  civil  engineer,  Bochester,  who  ran  the  lines 
on  which  the  elevations  occur.  These  elevations  were  referred  to 
the  level  of  low  water  in  the  Mississippi  Biver  at  Wabasha*  This 
is  SO  feet  below  St.  Paul  and  620  feet  above  the  surface  of  the 
ocean. 
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ELEVATIONS  FROM  THE  KOTBS  OT  HORAOB  HOBTON,  C.  E« 


Above  the 

MissisBippl 

Above 

Biver  atlow 

the 

water  at 

Ocean. 

Wabasha. 

584 

1,154 

518 

1,188 

890 

1,010 

684 

1,254 

570 

1,190 

890 

1,010 

840 

960 

825 

945 

518 

1,188 

667 

1,287 

670 

1,190 

757 

1,877 

780 

1,850 

682 

1,252 

560 

1,180 

267 

887 

667 

1,287 

865 

985 

500 

1,120 

490 

1,110 

465 

1,085 

815 

985 

1  Head  of  East  Indian  creek,  5  miles  N.  B.  of  Plain- 

view,  (Wabasha  connty.) 

2  Street  of  Flainriew  (Wabasha  connty.) ........ 

8  Elgin,  (Wabasha  conntyj 

4  Near  center  of  sec.  1 4,  Haverhill 

5  S.  W.  comer  sec.  24,  Haverhill,  (Bock,  seen  some 

feet  above.) 

6  Base  of  Sugar  Loaf,  sec.  81  aikd  82,  Haverhill.. 

7  College  street  bridge,  Rochester 

8  Surface  of  water  beneath 

9  Summit  of  Lone  Mound,  section  11,  Farmington, 

within  10  feet  of  Flainview  level,  viz. : 

10  S.  E.  comer  sec.  10,  High  Forest 

1 1  Low  water  at  High  Forest  village 

12  Sec.  29,  T.  104  N.,  15  W.,  Mower  Co.,  half  mile 

south  John  Rowley's  house 

18  Dr.  Thornhiirs  farm,  4  miles  east  Brownsdale,  in 
Mower  connty 

14  S.  Minn.  R.  R.  at  Brownsdale,  (Mower  county.) 

15  St.  Paul  and  Milwaukee  B.  R.  track  at  Austin, 

(Mower  county.) 

16  Chatfleld,  about 

17  Pleasant  Orove,  about 

18  Creek  near  the  schoolhonse  in  sec.  15,  Cascade, 

about 

19  N.  W.  corner  section  10,  Cascade 

20  Quarter  stake,  sections  38  and  84,  Oronoco.... 

21  Center  stake,  sec.  21,  Oronoco 

22  Surface  of  river  at  Oronoco 


Lone  Moand  (elevation  9)  is  aboat  150  feet  above  the  snrronnd- 
ing  conn  try. 

Elevation  10  gives  the  snmmit  of  the  water-shed  between  the 
Zambro  and  Boot  Rivers.  From  section  5,  Orion,  to  section  21^ 
Rock  Dell,  the  elevation  of  this  water-shed  does  not  vary  10  feet 
from  the  figures  given.  By  comparing  the  figures  in  the  table  it 
will  be  seen  that  this  water  shed  includes  the  highest  land  in  the 
county  of  which  we  have  any  record  of  observations.  A  general 
elevation  toward  the  south  and  southwest  is  visible.  This  elevation 
reaches  its  maximum  in  the  counties  south,  which  include  in  their 
borders  the  most  elevated  land  in  the  btate.  On  comparing  the 
geological  map  of  the  county,  accompanying  this  report,  and  the 
table  of  elevations,  a  striking  relation  between  the  altitude  and  ge- 
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ological  formation  is  rendered  manifest.    This  will  be  more  partic- 
ularly referred  to  under  the  heads  of  the  individual  formations. 

Timber* — Heavy  timber  is  found  along  the  large  streams,  though 
it  is  pretty  well  cut  out  now.  Aspen  and  brush  thickets  are  com- 
mon everywhere.  The  following  trees,  shrubs  and  twining  plants 
were  observed  while  driving  through  the  county : 

I.    Tress. 

Basswood  CTUia  Americana.    L,) 

Sugar  Maple  (Acer  Sciecharinum.     Wang.) 

Red  Maple  {A,  rubrum.    L.) 

Soft  Maple  {A,  dasycarpum,    Shr.) 
The  first  two  maples  do  not  usually  attain  any  considerable  size,  while 
the  soft  maple,  in  a  st^te  of  nature,  becomes  a  large  tree. 

Box  Elder  [Negundo  aceraides.    Mcench.) 
This  tree  is  common  along  streams  and  is  a  favorite  In  cultivation.    In 
transplanting  it  is  trimmed  up  too  much  to  easily  take  root.    It  is  a  pret^ 
tree,  of  pleasing  form  and  htH  toWsLge. 

White  Ash  {Firaodntis  Americana.    L.) 

Slippery  Elm  (  UlmusftUva.    Michx.) 

Corky  Elm  (U.racemosa.     Ihamas.) 

Of  which  I  saw  several  trees  along  the  streets  in  Rochester.    It  was  un- 
doubtedly transplanted  from  woods  close  by. 

White  Elm  {U.  Americana.    I^.pl.  Cflayt.  WUld.) 
Black  Walnut  {Juglans  nigra.    L.) 
A  grove  of  these  trees  was  seen  in  Kalmar. 
Bnttemut  {Juglans  dnersa.    L.) 
Hickory  {Garya.) 
Only  very  small  trees  were  seen.    It  is  said  that  they  are  always  cut 
when  young  to  make  round  barrel- hoops,  such  hoops  having  been  taken 
to  be  characteristic  of  barrels  containing  Minnesota  flour.    It  is  a  destruc- 
tive and  pemicions  practice,  for  thus  one  of  the  most  valuable  of  trees  is 
prevented  tcom  maturing.    The  only  way  to  prevent  It  is  to  make  square 
hoops  the  fashion  for  Minnesota,  which  could  easily  be  done  by  a  combi- 
nation of  the  leading  millers. 

Bur-oak,  {Qtterci(«macrocat3)a.    Michx.) 
Is  very  abundant.    On  prairies  it  Is  low,  3-8  ft.  high,  forming  extensive 
thickets  and  firuiting  abundantly.    In  more  favorable  localities  it  is  larger 
and  may  become  quite  a  tree. 
White-oak  (Q.  ai&a.    L.) 
Is  hard  to  distinguish  at  a  distance  Arom  the  preceding.    Undoubted 
specimens  were  seen  near  High  Forest. 

Jack-oak,  Yellow-oak,  etc.,  etc.,  (Q.  coca'nea,  Wang.     Var.  tinctoria.) 
Like  all  the  species  of  this  group  of  oaks,  this  tree  is  hard  to  identify. 
It  is  very  common  but  is  gradually  disappearing  before  civilization.    It  is 
frequently  seen  dead  or  dying,  without  apparent  cause. 
Paper>bixch(Se(ttIaiM^)yrao<a.    Ait.) 
Small,  along  streams  in  the  northern  part  of  the  county. 
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American  Aspen  {Papului  tremuloidet.    iRehx. ) 
Veiy  common,  iiBiially  small. 

Coarsely  toothed  Aspen  (P.  grandidenUUa,    Miehz.) 
Cottonwood  (P.  monUifera.    AU.) 
A  great  fkrorite  in  cultivation. 

Balm  of  Gilead  (P.  baUamifera.    L.) 
Silver  Poplar  (P.  alba,    L.) 
Lombardy  Poplar  (P.  dilatata,    AU.) 
The  last  three  are  introdaced  and  are  very  common  in  cnltlvation. 
Willows.    Several  species  were  seen,  some  of  them  becoming  large 
trees. 

White  Pine  {Ptnus  t^obus.    L.) 
A  Hbw  straggling  specimens  were  seen  on  the  blnib  three  miles  east 
Bochester. 

Locost  {Bobinia  Pietid-acacto.    L.) 
Is  commonly  cultivated.    The  same  is  true  of  several  pines  and  spruces 
and  a  larch. 

n.     8hirvb9. 

Prickly  Ash  (Zanthaaeylum  Amerieanum.    MUU) 

Smooth  Sumac  iBhua  glabra.    L.) 

Poison  Ivy  (£.     Toxicodendron.    L.) 

False  Indigo  (Amorpha  flruticosa.    L.) 

Lead  Plant  {A.    Caneicens.    NuU.) 

Wild  Plum  iPrunua  Americana.    Marehall.) 
Apparently  several  varieties,  some  of  them  producing  the  greatest  abund- 
ance of  pleasant  flruit. 

Wild  Bed  Cherry  (P.    Penneylvanica.    L.) 

Choke  Cherry  (P.     Virginiana.    L.) 

Wild  Black  Cherry  (P  seroHna.    Ehr.) 

Nine  Bark  {Spiraea  optUifolia.    X.) 

Common  Meadow-Sweet  {Salicifolia.    L.) 

Wild  Bose  {Boia  blanda.    AU.) 

Wild  Bed  Baspberry  {Bubus  strigosus.    Jliichx.) 

Wild  Black  Baspberry  {B.%>ccidentalU.    L.) 
Flavor  of  the  flruit  is  said  to  be  remarkably  good. 

Common  Blackberry  {B.  ffilloaus.    Ait.)    Not  common. 

Blwik  Torn  QOratOBgus  tomentoea.    L.     Var.  pyrifolia.) 

Black  Thorn  ( OraUtgu$  tomentoM.    L.     Var.  punctata.') 

Choke-berry  (^Pyrue  arbtUifolia.    L.) 

Am.  Mountain  Ash  (P.  Americana.    DC.)    Cultivated. 

£q.  Mountain-Ash  (P.  Aucuparia.    Gkart.)    Cultivated.  i^ 

Bed-osier  Dogwood  {Comus  stolon^fera.    Michx.) 

Panicled  Dogwood  (C.  paniculata.    UHer.) 

Wolf-berry  i8ymp1wricarpu$  occidentalU.    B.  Br.) 

Sheep-berry,  Wild  Haw  ( VSbwmum  Lentago.    L.) 

Crauberry-tree  ( V.  OptUui.    L.) 
Is  frequently  cultivated. 

Hazel  {Oorylus  Americana.     Watt.) 
Abundant  on  prairies. 
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IjOW  Birch  CBetula  pumUa,    Z.)    Cold  bogs. 
Speckled  Alder  {Alnua  incana.     WUld.)    Along  streams. 
Juniper  (Junipertu  Sabina.    L,) 
Seen  only  on  a  rocky  bank  on  Boot  River— sec.  85.    Bock  Dell. 

III.     nne$. 

Virgin's  Bower  {ClametU  Virginiana.    X.) 

Frost  Grape  ( VUis  cordffolta,    Michx.) 

yirglnla-Creeper  {AmpelopsiM  quinqutfolia.    JtfMx.) 
Common  wild  and  a  fayorite  in  cnltlvation.    It  is  often  erroneouAly 
called  /vy. 

Shmbby  Bitter-sweet  (  CelaUrus  9canden8*    L. ) 

Hop.    {SumtUus  Lup%Uu8.    L,) 
I  Wild  and  in  caltivation. 

THE  GEOLOGICAL  8TRU0TUBB. 

The  outcrops  of  rock  are  numerous  throughout  the  county.  It 
lies  just  at  the  edge  of  the  system  of  deeply  eroded  valleys  extend- 
ing westward  from  the  Mississippi.  To  the  east  of  it  are  the  deep 
ravines  which  cut  through  the  high  bluffs  at  the  base  of  which  the 
great  river  lies.  The  beds  of  these  ravines  gradually  rise  in  receding 
ftrom  the  Mississippi,  and  it  is  in  Olmsted  county  that  they  rise  to  near 
the  surface  of  the  surrounding  country.  To  the  west  and  south- 
west of  the  county  lies  the  great  accumulation  of  drift  which  grows 
deeper  and  deeper  as  one  passes  westward.  This  material  thins 
out  over  Olmsted.  In  the  southwest  corner  it  is  thick  enough  to 
conceal  entirely  the  rock-features  below.  Eastward  it  appears  only 
in  thin  ouiliers,  marking  the  ragged  edge  of  deposition,  or  in  patches 
and  masses  which  are  remnants  left  by  subsequent  erosion.  In  order 
to  see  to  the  best  advantage  the  changes  in  the  drift,  features  of  ero- 
sion, and  stratificatiop,  one  must  cros^the  county  obliquely.  There 
is  t  he  least  drift,  generally  speakingsln  the  northeast  corner,  and 
the  most  in  the  southwest  corner.  On  the  other  hand,  the  southeast 
and  northwest  corners  are  much  alike  in  the  very  feature  in  which  ' 
the  other  two  corners  differ.  In  a  rough  way  the  lines  of  change 
cross  the  county  diagonally  in  a  southeasterly  and  northwesterly 
direction.  This  is  due  to  two  facts  which  may  have  some  relation 
^  'ith  each  other.  In  the  first  place  the  Great  River  in  the  vicinity 
qf  the  county  runs  in  a  generally  southeast  direction.  The  erosion- 
valleys  extending  from  it  would  tend  to  take  a  direction  perpendic- 
ular to  it,  and  the  lines  of  equal  depth  of  erosion  would  tend  to  be 
parallel  to  it.  Again,  the  dip  of  the  rocks  in  this  county  is  slightly 
southwest.  The  edges  of  the  strata  as  presented  on  the  surface 
would  tend  to  be  in  lines  perpendicular  to  this  direction. 
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There  are  no  signs  of  noteworthy  npheaval,  depression  or  other 
changes  in  the  relatione  of  the  strata  to  each  other  in  this  county, 
as  m  the  whole  of  this  part  of  the  state  the  strata  are  conformable. 
The  peculiar  structure  of  the  bluffs  enables  one  to  trace  some  of 
the  strata  at  a  distance.  As  far  as  the  eye  can  follow  them  their 
planes  occupy  the  same  position  with  reference  to  the  horizon. 
The  only  exception  to  this  is  the  Cretaceous.  Its  rather  doubtful 
patches  in  the  county  lie  in  nearly  a  horizontal  plane,  and  across 
the  edges  of  the  strata  below. 

The  strata  of  the  rocks  other  than  Cretaceous  do  not  lie  in  a  hor- 
izontal plane.  The  dip  is  very  slight,  and  in  this  county  is  toward 
the  southwest.  Toward  the  northwest  corner  the  line  of  dip  alters 
a  little,  and  is  more  southerly.  Comparison  of  altitudes  and  strata 
over  a  larger  portion  of  the  State  has  convinced  Mr.  W.  D.  Hurl- 
but  that  the  dip  here  is  10  feet  to  the  mile  southwest.  All  my  ob- 
servations in  the  cou^ty  tended  to  prove  the  correctness  of  this 
estimate. 

The  stratigraphy  of  this  fine  county  is  easy  to  read  in  most  cases. 
The  form  of  the  bluffs,  the  line  of  springs  making  a  definite  part  of 
the  Trenton,  the  differing  solubility  of  the  rock  and  the  consequent 
ocearrence  of  sink  holes,  caves,  etc.,  in  one  formation  and  not  in 
another,  the  lithological  character  of  the  rocks  notably  distinct  in 
some  of  the  formations,  and  the  gradual  and  regular  dip  of  the 
strata,  which,  when  taken  with  the  erosion,  enables  one  to  predict 
with  much  certainty  the  rock  over  which  he  is  standing,  even 
when  it  is  hidden  f^om  view — all  these  enable  one  to  read  the 
stratigraphical  enigma  of  the  county  with  little  trouble.  In  this 
study  the  intimate  knowledge  of  the  county  possessed  by  Mr.  Hurl- 
but  assisted  me  greatly.  He  cheerfully  rendered  me  all  the  assist- 
ance in  his  power,  besides  hospitably  entertaining  me  at  his  house. 
The  stormy  weather  of  the  season  devoted  to  this  work  prevented 
me  from  visiting  all  of  the  county.  In  such  cases  the  details  of 
the  map  accompanying  this  report  were  put  in  by  Mr.  Hurlbut. 
Tou  yourself,  sir,  as  director  of  the  survey,  have  frequently  passed 
through  this  county,  and  your  observations  in  it  have  not  only  con- 
firmed many  of  my  own,  but  have  added  facts  which  escaped  my 
attention. 

1  will  here  embrace  the  opportunity  of  recommending  Olmsted 
county  as  an  excellent  field  for  teaching  stratigraphy.  The  strata 
are  interesting,  the  characters  mentioned  above  make  the  reading 
of  them  easy,  the  scenery  is  unusually  attractive.  I  can  conceive 
of  no'  better  spot  to  which  to  take  a  class  of  students  for  instruction 
in  geological  field-work. 
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The  fonnationB  foand  in  the  county  are  not  namerons.  The 
Potfidam  sandstone  is  said  to  be  found  in  the  beds  of  the  Zambro 
and  Whitewater  rivers,  about  where  t  hey  leave  the  county.  It  has 
not  been  seen  by  me,  however,  and  the  sandstone  is  probably  only 
one  of  the  lower  sandstone  layers  of  the  Lower  Magnesian.  The 
latter  formation,  the  St.  Peter  sandstone,  the  Trenton  limestone  and 
the  Galena,  are  found  here,  the  first  and  last  probably  only  repre- 
sented by  a  part  of  their  entire  thickness.  A  little  Cretaceous  was 
found. 

THE  LOWER  MAGNESIAM  LIMESTONE. 

The  AREA  of  this  formation  in  the  county  is  as  follows.  It  fol- 
lows the  larger  streams,  beginning  on  them  when  well  in  the  coun- 
ty, and  broadening  out  until  it  leaves  the  county  with  them.  It 
appears  in  the  beds  of  the  branches  of  the  Zumbro  well  up  in  Roch- 
ester, Marion,  Haverhill  and  Cascade  townships.  Rochester  lies  on 
a  floor  formed  by  the  upper  surface  of  this  formation.  The  valley 
of  Rochester  city  is  entirely  shut  in  by  blui&,  except  where  the 
Zumbro  passes  out  to  the  north  and  along  a  geological  valley,  now 
dry,  to  the  northwest.  This  lower  magnesian  valley  of  Rochester 
city  is  somewhat  crab-shaped,  and  is  formed  by  the  meeting  of  the 
various  streams  which  make  up  this  branch  of  the  Zumbro.  Cas- 
cade township  is  about  half  Lower  Magnesian,  the  remaining  sur- 
face being  occupied  by  spurs  and  islands  of  the  formations  above, 
one  of  these  islands  being  quite  large.  Oronoco  township  is  al- 
most exclusively  Lower  Magnesian.  Farmington  is  of  the  Lower 
Magnesian  floor,  except  the  southern  edge  and  some  outliers  of 
Trenton  and  St.  Peter.  In  New  Haven  the  middle  fork  of  the  Zum- 
bro soon  rises  to  the  Trenton,  while  the  north  fork  lies  on  the  Mag* 
nesian,  until  it  passes  into  the  next  county  west.  A  large  portion 
of  Quincy  is  Lower  Magnesian,  as  is  a  little  of  the  northeast  of 
Viola.  An  arm  of  this  formation  appears  at  the  surface  in  the  bed 
of  the  river,  passing  nearly  through  Dover  from  east  to  west.  £1- 
mira  is  also  floored  with  Lower  Magnesian  for  the  most  part,  as  is 
a  small  portion  of  Orion.  The  village  of  Dover  lies  in  a  Lower 
Magnesian  valley,  something  like  that  of  Rochester  city.  The 
same  is  true  of  Chatfleld.  Something  more  than  20  per  cent,  of  the 
county  has  a  floor  of  Lower  Magnesian. 

The  Lithological  characters  of  the  formation  here  partake  of  its 
general  characters  in  Minnesota  as  described  by  the  Director  of  the 
Survey  in  his  First  Annual  Report  (for  1872,  pp.  81-88.)  It  varies 
ftrom  a  compact,  flne  magnesian  limestone  to  a  pure,  friable,  saccha- 
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rine  white  aandstone.  It  is  flreqaently  in  irregular  layers,  which 
are  not  oontinaoas  for  any  distance.  Sometimes  these  layers  are 
thin  and  continuous ;  sometimes  they  are  thick  and  cleave  natu- 
rally into  massive  blocks.  The  rock  is  often  brecciated,  occa- 
sionally massive.  Broken  cherty  layers,  irregular  silicious  pockets, 
mottled  sandstone,  oolitic  limestone,  vesicular  limestone,  sparry 
cavities  of  considerable  size,  are  all  found  in  this  variable  yet  usu- 
ally easily  recognized  rock. 

This  rock  holds  its  form  well  and  thus  produces  characteristic 
aurface  features.  When  worn  deeply  into  by  erosion  it  presents  bold 
cliffs  and  craggy,  rounded  hills.  When  not  covered  thickly  by 
drift,  it  makes  a  poor  surface  for  agriculture,  as  may  be  seen  in 
some  parts  of  Oronoco.  It  is  nearly  barren,  and  is  covered  with 
scant  grass,  with  hazel  and  scrub  oak  (in  this  case  dwarf  QuerciM 
fnacrocarpa)  or  with  small  paper  birch,  and  other  wood-growth  not 
large  enough  to  be  of  importance  economically.  When  this  floor  is 
covered  by  drift,  as  in  the  beautiful  prairie  township  of  Farming- 
ton,  the  soil  may  be  unsurpassed.  The  most  of  this  township  is  de- 
voted to  wheat,  and  at  the  proper  season  it  seems  to  be  one  contin- 
aous  wheatfield. 

A  section  of  this  formation  is  seen  at  Quincy  Mills.  It  is  de- 
scribed in  the  First  Annual  Report,  (for  1872)  p.  82,  and  need  not 
be  repeated.* 

*  Note.—AB  the  report  for  1872  is  entirely  oat  of  print,  the  section  at 
Quincy  is  hereby  appended,  In  order  to  complete  the  geology  of  the  county. 
No.  1  of  this  section  is  of  the  Shakopee  limestone,  and  No.  2  is  the  upper 
portion  of  the  Jordan  Bandstone.— N.  H.  W. 

Descending  Section  €U  (iuincy,  Olmsted  County. 

No.  1.  Dolomltic  limestone ;  qnlte  arenaceous,  falling  out  in  huge 
masses  which  are  rough,  distorted  in  their  cnide  bedding,  and 
unmanageable  as  a  qaarry- stone,  showing  much  calc-spar.  Lime- 
stone and  sandstone  are  mingled  with  occasional  strips  of  light- 
green  shale.  In  general  the  fkce  presents  the  appearance  of  an 
alternation  of  horizontal  layers  of  thin  and  more  shaly  beds,  with 
heavy,  coarde  and  rough  limestone  l»eds.  Some  green  shale  lay- 
ers alternate  with  dark,  amber-colored  Cochreoas)  shale,  neither 
being  more  than  two  Inches  thick.  They  are  tortaous  aud  not 
continnons.  This  phase  appears  like  the  tops  of  the  blaflls  at 
Winona,  bat  is  probably  at  a  considerably  higher  horizon 30  ft. 

No.  2.    Persistent,  white  sandstone,  or  granular  qnartslte,  seen....  10  ft. 

Total  exposure    40  ft. 
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The  followiDg  section  was  taken  at  the  llme-kiln  of  James  Bar- 
nett,  on  section  8,  Oronoco,  Jast  northeast  of  the  village : 

Calclferons  sandstone,  mach  broken,  In  thin  layers,  bnit 14  ft. 

Compact  little  broken  calclferons  sandstone,  light  bnff V  ft. 

Sandstone  (mostly  saccharine)  in  layers 4  ft.  8  in. 

Aluminoas  limestone,  in  thin  layers,  light  bnff 1  ft.  7  in. 

Dark  sandstone  with  nnmerous  blue  spots ...  1  ft.  8  in. 

Arenaceous  vesicnlar  dolomite 8  ft.  6  in. 

Like  second  above.. 4  ft. 

Like  second  above,  but  more  irregnlarly  bedded 1ft. 

Veslcnlar.  sparry,  irregnlarly  bedded  dolomite.. 4  ft. 

Total  as  far  as  seen 87  ft.  8  in. 

The  above  section  begins  at  the  top.  No  fossils  could  be  found. 
The  lowest  layer  (last  described)  is  employed  by  Mr.  Barnett  for 
making  lime.  The  lime  is  light  buff,  slow,  and  contains  considera- 
ble cement. 

This  lime  is  of  considerable  economical  value.  The  lime  of  Bar- 
nett is  good  notwithstanding  its  slowness,  and  the  cement  in  it  only 
increases  its  value  for  many  purposes.  Mr.  Barnett  uses  12  cords 
of  wood  to  one  charge  of  his  kiln.  The  wood  costs  $2.00  per  cord. 
The  kiln  burns  three  days  and  affords  120  barrels  of  lime.  Mr. 
Barnett  says  that  the  lime  is  slow  in  slacking,  but  that  it  sets  quickly . 

This  rock  does  not  furnish  much  good  building  material  in  this 
county.  It  is  not  of  even  bedding  and  homogeneous,  texture  gen- 
erally. Pieces  are  sometimes  employed  at  Rochester  for  window-caps 
and  water-tables.  These  pieces  are  found  only  in  the  uppermost 
layers.    No  general  use  is  made  of  them. 

THE   ST.    PETER  SANDSTONE. 

The  area  of  this  rock  is  diflScult  to  represent  on  a  map.  It  is  so 
friable  that  it  will  not  endure  erosion  when  left  to  itself.  It  is  only 
when  it  is  capped  by  the  lower  layers  of  the  Trenton  that  it  suc- 
cessfully resists  the  attacks  of  water.  By  itself,  uncovered  by  other 
formations,  it  occupies  but  little  space.  It  juts  out  beneath  the  cap 
of  limestone  only  a  few  feet  or  rods.  From  a  projecting  spur  of 
limestone  it  may  extend  farther,  as  is  illustrated  in  the  city  of 
Rochester.  A  spur  of  Trenton  comes  in  from  the  west  and  ends 
near  the  city  limits.  The  sandstone,  however,  can  be  struck  in 
sinking  wells  almost  anywhere  in  the  western  portion  of  the  city. 
Occasionally  where  erosion  was  incomplete  an  ontlier  of  crumbling 
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sandBtone  can  be  teen,  not  capped  by  limeBtone.  Sach  an  outlier 
may  be  foand  in  or  near  SW.  Farmington.  This  mast  happen  bat 
rarely,  and  the  ootliers  can  attain  bat  small  size.  Streams  of  con- 
siderable size  usaally  leap  from  the  Trenton  to  the  Lower  Magnesian, 
Ibe  intervening  St.  Peter  sandstone  having  been  washed  completely 
away  at  an  early  period.  Sometimes,  however,  streams  of  small 
size  remain  in  a  bed  of  St.  Peter  sandstone,  in  which  case  the  val- 
ley is  sandy,  covered  with  small  oaks,  and  worth  little  for  agrical- 
tare.    This  is  seen  in  the  valleys  of  Bear  Creek  and  its  branches. 

The  surface  features  caused  by  the  presence  of  this  sandstone  are 
interesting,  and  have  already  been  referred  to.  As  the  incoherency 
of  this  formation  deprives  it  of  the  power  of  resisting  erosive 
forces,  it  is  usually  carried  away  cleanly  wherever  exposed.  The 
conseqaence  is  a  precipitous  descent  from  the  Trenton  to  the  Lower 
Magnesian.  This  appears  in  lines  of  remarkable,  level  bluffs.  The 
height  of  these  bluffs  is  usually  the  thickness  of  the  formation, 
with  fifteen  or  more  feet  of  limestone  on  the  top.  These  bluffs  are 
especially  noticeable  around  Rochester.  To  the  east  their  top  is 
reached  by  a  rugged  ascent,  to  the  west  by  gradual  dip  of  the 
strata.  The  erosive  forces  have  left  many  small  and  isolated  bluffs, 
which  can  be  properly  described  under  this  head,  though  the  lower 
layers  of  Trenton  limestone  assist  in  their  formation.  They  ap- 
pear as  rugged  mounds  rising  from  the  Magnesian  floor,  and  form 
a  striking  feature  in  the  aspect  of  the  neighborhood.  They  are 
most  abundant  in  southwest  Farmington  and  in  Elmira.  A  few 
are  seen  along  the  railroad,  just  east  of  Bochester.  Perhaps  the 
most  remarkable  is  *^  sugar-loaf  mound,"  about  two  miles  east  of 
the  city  and  close  to  the  railroad.  Its  shape  and  relative  propor- 
tions are  those  of  a  sugar-loaf.  Another  remarkable  one  is  **  Lone 
Mound,"  of  section  11,  Farmington.  It  is  about  three  miles  fh>m 
the  line  of  bluflb  south.  Two  or  three  miles  northwest  are  two 
similar  mounds,  called  ''Twin  Mounds."  They  are  in  Wabasha 
county. 

The  thickness  of  the  St.  Peter  was  ascertained  with  an  aneroid 
barometer,  near  Rochester.  The  upper  layers  of  the  Lower  Mag- 
nesian were  found  on  Bear  Creek,  near  the  woolen  mills.  The  up- 
per surface  of  the  St.  Peter  was  ascertained  as  carefhlly  as  might 
be  near  Whitcomb's  quarry,  and  near  Jenkins'  quarry.  Three  com- 
parisons were  made.  The  proper  allowance  having  been  made  for 
dip  and  atmospheric  change,  the  value  of  111  feet  was  obtained  for 
the  thickness  of  this  formation. 

The  lUhologicdl  character  of  the  St.  Peter  is  uniform  and  simple. 
12  [ 
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It  is  a  rather  coarse,  white,  triable  sandstone,  pore  white,  except 
where  contaminated  by  foreign  sabstanoes  or  percolations  from  the 
formation  above.  It  contains  no  fossils  so  far  as  I  could  see  in 
this  coanty. 

This  formation  is  uBeful  in  several  ways.  When  with  a  tight, 
magnesian  floor,  it  holds  water,  and  furnishes  a  good  supply  to 
wells.  It  is  sometimett  excavated  where  it  comes  out  on  the  face  of 
a  bluff.  Excellent  cellars,  dry  and  of  uniform  temperature,  are 
thus  formed  which  are  used  especially  for  the  preservation  of  veg- 
etables. It  supplies  an  inexhaustible  aihount  of  pure  white  sand, 
round-angular,  and  excellent  for  mortar  or  glass-making. 

THB  TREMTON  LIMBSTOKB, 

As  this  formation  lies  next  above  the  St.  Peter,  and  as  the  dip 
is  southwest,  we  should  expect  to  find  it  Just  behind  the  sandstone. 
Such  is  the  case,  but  being  a  coherent  limestone  it  occupies  much 
more  area  than  the  St.  Peter.  It  covers  ftilly  one-half  of  the  coanty, 
stretching  in  a  broad,  interrupted  band  from  southeast  to  northwest. 
Its  outer  edge  is  the  labyrinthine,  interrupted  line  of  level,  peculiar 
bluffs  which  reach  in  their  serpentine  course  every  township  in  the 
County,  except  only  Rock  Dell  and  High  Forest.  The  southwestern 
or  upper  edge  of  its  outcrop  can  not  be  traced  so  minutely,  as  this 
formation  passes  insensibly  into  the  Galena  which  overlies  it.  The 
formation  covers  the  most  of  Kalmar,  Haverhill,  Viola  and  Eyota 
townships.  It  caps  also  with  a  few  feet  of  limestone  the  most  of 
the  outliers  of  St.  Peter  already  mentioned. 

The  Uthological  characters  are  described  in  the  First  Annual  Re- 
port (already  referred  to)  and  need  not  be  repeated. 

In  general,  as  seen  in  this  county,  we  have,  below,  a  shaly  lime- 
stone, often  presenting  beds  of  blue  limestone  usefhl  for  buUding. 
This  is  more  or  less  interrupted  by  shale  and  averages  15  feet  thick. 
Above  this  is  a  bed  of  green  shale  more  or  less  interrupted  with 
limestone,  and  about  15  feet  thick  also.  Above  this  we  have  125 
feet  of  yellow,  or  gray,  harsh,  magnesian  limestone,  in  regular  beds 
of  varying  thickness.    In  deep  quarrying  this  rock  also  is  blue. 

Many  sections  of  this  rock  can  be  seen.  It  is  the  rock  most  gen- 
erally quarried.  Several  sections  for  Olmsted  county  are  given  on 
pp.  97-99  of  the  First  Annual  Report  of  the  survey  (for  1872.) 
The  characters  of  others  examined  by  me  were  uniform  with  those 
there  described. 

Many  fossils  are  found  in  these  beds.     OhaeteUs  Lycoperdan  is 
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plentiAil  in  the  green  shale.  Leptaena^  Orthii^  Strophomena^ 
MurehiBoniai  P2«urotomarto,  Orihoeeraa  are  common.  The  orth- 
ooeratitee  are  nnneaally  large. 

This  stone  is  the  one  most  used  in  this  county  for  building  pur- 
poses. The  stone  for  the  buildings  about  Rochester  were  for  the 
most  part  taken  from  the  Trenton  quarries  near  by.  The  quarry  of 
W.  Jenkins,  just  within  the  city  limits,  Airnishes  a  large  proportion 
of  this  stone. 

It  has  been  suggested  that  the  clay  of  the  green  shale  would  make 
good  brick  or  pottery.  The  grain  is  very  fine,  but  the  presence  of 
small,  calcareous  fossils  ii^ures  it  for  these  purposes.  A  pottery 
factory,  in  which  this  clay  was  employed,  started  some  years  ago, 
had  to  be  abandoned  on  this  account. 

THJE  OAUfiNA   UMSSTONS. 

The  area  of  this  formation  in  the  county  is  much  less  than  that 
of  the  Trenton.  It  is  found  only  in  the  southwestern  part  of  the 
ooanty,  and  covers  rather  less  than  20  per  cent,  of  the  whole  area. 
Byron,  in  Kalmar,  is  located  on  this  rock.  It  underlies  nearly  all 
of  Salem  and  High  Forest,  and  considerable  parts  of  Bock  Dell, 
Rochester  and  Pleasant  Grove.  It  extends  into  Marion  and  Orion, 
and  Mr.  Uurlbut  tells  me  that  a  small  scalp  of  it  may  yet  be  found 
in  the  western  part  of  Eyota  township.  The  lower  and  upper  edges 
of  its  outcrop  can  not  be  accurately  traced.  In  the  case  of  the 
lower  edge  it  is  for  the  reason  already  mentioned,  viz. :  the  Tren* 
ton  and  Galena  blend  gradually.  The  upper  edge  cannot  be  traced 
because  it  is  completely  concealed  by  drift. 

In  lUhological  chxira(Uer^  as  seen  here,  this  rock  is  a  heavily  bedded, 
buff  dolomite,  fine  grained,  or  coarse  and  porous.  It  contains  often 
small  pieces  of  iron  pyrites,  which,  by  weathering,  give  it  ferrugin- 
ous stains.  Lead  has  not  been  found  in  place  in  the  rock,  but  far- 
mers sometimes  find  it  isolated  on  the  surface,  evidently  left  behind 
when  the  rest  of  the  rock  material  was  weathered  away.  It  often 
contains  crystals  of  spar ;  sometimes  irregular  cavities  are  found. 
Under  the  influence  of  the  weather  the  rock  is  seen  to  vary  in  solu- 
bility. The  result  is  fireqnently  sink-holes  of  varying  dimensions 
Such  holes,  a  few  feet  deep,  are  common  on  the  bluffs  of  this  form- 
ation, and  I  was  informed  by  Mr.  Hurlbut  of  an  extensive  one  on 
the  bluff  near  Garrick's  quarry,  the  bottom  of  which  has  never  been 
reached.  Another  result  of  this  unequal  weathering  is  the  craggy 
appearance  of  the  blufb  formed  by  the  Galena. 

This  limestone  is  well  displayed  In  this  county  at  Garrick's  quarry. 
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Sec.  17,  Rochester  township.  The  floor  of  this  quarry  is  aboat  80 
feet  above  the  Tienton.  To  the  top  of  the  qaarry  is  about  35  feet. 
The  rock  is  a  sparry,  magnesian  and  more  or  less  arenaceous  lime- 
stone. It  is  in  beds  one  to  three  feet  thick,  separated  by  very  thin 
layers  of  light  blue  shale.  The  beds  are  massive  and  yellowish, 
somewhat  stained  with  iron,  arising  lh>m  the  decay  of  iron  pyrites. 
The  upper  portions  are  most  arenaceous  and  fossiliferous.  In  the 
crevices  is  found  abundance  of  satin  spar,  and  in  the  largest  ones 
stalactites  may  be  found. 

B.  Williams'  quarry,  on  the  north  bank  of  Boot  river.  Sec.  31, 
High  Forest  township,  is  in  this  formation.  This  rock  is  exposed 
for  25  feet,  and  is  dolomitic,  more  or  less  concretionary,  with  small, 
spar-lined  cavities.  It  is  sparingly  fossiliferous.  The  upper  six 
feet  are  much  broken  up.  The  remainder  is  compact  and  unevenly 
bedded.  The  concretionary  structure  is  not  visible  on  fresh  sur- 
faces. It  is  brought  out  by  weathering  and  especially  by  burning, 
and  then  appears  in  the  form  of  fine  rusty  lines. 

On  the  left  bank  of  the  same  stream,  about  one  mile  west  of 
Williams'  quarry,  is  an  exposure  of  yellow  thin-bedded,  broken, 
uneven,  dolomitic  limestone,  of  which  only  8  or  ten  feet  are  visible. 
I  found  no  fossils,  but  was  sure,  from  the  lithological  characters, 
that  the  rock  is  Galena. 

The  same  rock  is  well  exposed  in  the  ravines  of  Salem  and  Bock 
Dell,  where  it  is  quarried  to  some  extent  for  building. 

As  to  economical  vaZue,  this  formation  produces  the  best  building 
stone  found  in  the  State.  It  is  much  used  in  Bochester,  but  has 
been  mostly  derived  from  Mantorville,  in  Dodge  county.  It  will  be 
further  described  under  that  head.  At  Bussell  Williams'  quarry, 
near  High  Forest,  it  is  burned  for  lime.  There  are  five  kilns  at  this 
place.  Each  kiln  takes  12  cords  of  wood  for  one  charge  of  stone. 
The  wood  has  to  be  brought  from  a  distance,  and  costs  at  the  kiln 
$6.00  per  cord.  Three  hundred  barrels  of  lime  are  burned  in  a  kiln. 
The  lime  is  white  and  fine,  and  has  the  best  reputation  of  any  lime 
hereabouts.    It  sells  at  $1.00  per  barrel. 

THE  CRBTACEOUS. 

A  careftil  search  along  Boot  Biver  and  elsewhere  in  the  south- 
west  comer  of  the  county,  failed  to  afford  me  the  slightest  trace  of 
the  Maquoketa  shales,  which  would  be  naturally  expected  overlying 
the  Galena.  An  outcrop  was  found  a  few  rods  west  of  P.  Brewer's 
residence,  in  the  southwest  quarter  of  section  35,  of  Bock  Dell 
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township,  on  the  north  bank  of  Boot  Biver,  the  character  of  which 
is  doobtful.  The  formations  in  the  acQoining  counties,  and  the 
lithological  character,  indicate  the  probability  of  its  being  Creta- 
oeoas,  and  it  is  thus  marked  on  the  accompanying  map.  The  expo- 
sare  is  along  a  road-track  going  down  to  a  ford  of  the  stream,  and 
was  partially  covered  with  soil  and  overgrown  by  bushes.  The  fol* 
lowing  is  the  section  from  below  upwards : 

Compact,  blaeish  limestone *. 2    feet. 

Indurated,  arenaceous,  yellowish  shale I   foot. 

Yellow  sandstone,  in  broken  layers 1   foot. 

Light  blue  clay ••     i  foot. 

Reddish,  broken  sandstone H  feet. 

Light  blue  clay J  foot. 

Sandstone •^ 1    foot. 

Sandy,  bluish  clay .* J  foot. 

Total  seen  distinctly 7|  feet. 

The  same  arrangement  of  alternating  sandstone  and  clay  could 
be  traced  indistinctly  four  or  five  feet  farther  up. 

Three  rods  farther  down  the  river  is  a  compact  limestone,  sili- 
ceous, not  dolomitic,  non-fossiliferous,  much  broken  by  frost.  The 
line  of  meeting  of  this  with  the  preceding  was  concealed  by  soil 
and  overgrowing  plants. 

The  first  described  is  in  all  probability  Cretaceous ;  the  second  I 
am  unable  to  refer  to  any  formation  with  certainty.  Perhaps  it  is 
Cretaceous,  perhaps  Niagara* 

A  scalp  of  Cretaceous,  containing  fossils  in  abundance,  is  said  to 
have  been  found  in  the  western  part  of  Eyota  township.  It  was  of 
very  limited  extent. 

THS  DBIFT. 

This  covers  much  of  the  county.  It  thins  out  toward  the  north- 
east. It  is  of  considerable  thickness  in  the  southwest.  Its  edge  is 
ragged  and  shows  extensions,  which,  however,  are  not  in  conforma- 
tion with  the  present  drainage  system.  It  consists  of  blue  clay, 
washed  or  yellow  clay,  stratified  gravel  and  sand,  and  boulders. 

The  blue  clay  is  by  no  means  continuous.  It  is  found  in  limited 
areas,  and  bands  in  various  parts  of  the  county.  Sometimes  it  forms 
distinct  ridges,  as  in  western  Bochester  city  and  in  the  valley  di- 
rectly east  of  Bochester.    In  such  cases  it  usually  abuts  on  a  bluff. 

The  washed  clay,  as  its  name  indicates,  has  been  worked  over  by 
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water  since  its  deposition  in  the  drift.  It  ocoopies  low  pond-like 
spots,  or  abuts  on  the  blafb.  It  is  usually  of  a  uniform  reddish- 
yellow  oolor  and  quite  arenaceous.  Sometimes  it  is  in  colored 
layers  of  red,  yellow  and  green.  In  this  case  its  deriyation  is 
probably  from  the  green  shale  of  the  Trenton  as  well  as  from  the 
drift.    The  washed  clay  is  used  for  bricks. 

The  exposures  of  sand  and  gravel  are  not  extensive  in  the  parts 
of  the  county  examined  by  me.  Where  seen  they  exhibit  the  usual 
characters.  The  boulders  are  entirely  absent  in  most  parts  of  the 
county.  In  many  scattered  localities,  again,  they  are  abundant; 
and  in  the  southwest  corner  of  the  county  they  are  often  found  of 
great  size. 

The  following  table  of  wells  will  be  useful  for  an  analysis  of  the 
drift.  The  facts  were  fhrnished  by  O.  Sprague,  practical  well- 
digger.  Mt.  Sprague  is  an  observing  man,  and  has  probably  dag 
more  wells  than  any  one  else  in  the  county : 

Wella  in   Olmsted  County. 

O.  SPRAGUE. 


DBPTH 

•     Owner. 

mPBST 

Water. 

Location. 

i 

1 

1 

Bemarks. 

86.  Farmlngton  ... 

C.  B.  Stocy. 

99 

31 

63 

Good. 

6  feet  black  soil;  then  reached  day. 

36.  Farmington.... 

W.  H.  White. 

20 

24 

44 

Good. 

Yellow  clay  and  bine  rock. 

86.  Farmington.... 

B.  Raymond. 

11 

•  • 

11 

Good. 

Bine  clay. 

14  feet  bUck  heavy  soil;  remainder 

bine  clay. 
96  feet  sand;  10  feet  hard  sand  rock. 

26.  Farmington.... 

W.  t^earles. 

44 

•• 

44 

Good. 

30.  Haverhill 

J.  P.  Simonds. 

26 

10 

36 

Soft. 

9.  Haverhill 

P.  H.McGovern. 

40 

60 

90 

Good. 

Red,  hard  drfft. 

3S.  HaverhiU 

J.  B.  Brown. 

26 

26 

Good. 

4-^  feet  soil,  then  sand. 

11.  Haverhill 

B.  F.  Bnlen. 

12 

12 

Plenty. 

Red,  hard  drift. 

14.  Salem 

Z.Holt. 

26 

26 

Good. 

Sand  all  the  way. 

14.  Salem 

J.  D.  Puller. 

40 

40 

Good. 

Sand  all  the  way. 

36.  Salem 

J.  P.  Fosdlck. 

30 

36 

Soft. 

White,  hard  rock. 

21.  Salem 

Ole  Severson* 

27 

97 

Good. 

Sand. 

16.  Salem 

C.  Peterson. 

96 

96 

Good. 
Good. 
Good 

Sand* 

16.  Salem 

Nils  Jacobson. 
T.  Thomson 

96 
67 

26 
73 

Sand  foot  of  bluff. 

16.  Salem 

K/caaiAa^  a^#^#v  ^a    viuaae 

Red,  hard  drift;  white  limestone. 

28.  Salem 

89 

39 

Good. 

20  feet  bine  cUy. 

80.  Pleasant  Orove. 

FredisibeckV" 

61 

61 

Good. 

48  feet  bine  cUy. 

29.  Fleaaant  Orove. 

J,  Collins. 

91 

21 

Good. 

16  feet  bine  clay. 

26.  Pleasant  Orove. 

D.  W.  Hymes. 

20 

40 

60 

Good. 

Sandy,  red  clay. 

11.  Cascade 

T.  C.  earnings. 

30 

80 

Plenty 

96  feet  blue  clay. 

17.  Cascade 

J.  H.  Hodgman. 
B.  Babcock. 

96 

26 

Plenty. 

Sand. 

17.  Cascade 

26 

25 

Plenty. 

Band. 

P.  Boardman. 

30 

.. 

30 

Plenty. 

Red,  sandy  day. 

16.  Cascade 

J.  Gardner 

80 

30 

Plenty. 

Red,  sandy  clay. 

16.  Rochester 

X.  M.  WestMl. 

40 

40 

Plenty. 

2.  Rochester 

W .  L.Brackenridg 

18 

18 

Plenty. 

Sand! 

6.  VioU 

D.  D.  Whipple. 

44160 

94 

Plenty. 

Cedar  logs  at  considerable  depths  in  the  drift  are  found  but  rare- 
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ly.  Mr.  Sprague  says  they  are  always  under  the  blae  clay.  Rot- 
ten wood  is  occasionally  found  in  the  blue  day. 

It  is  a  striking  fact,  often  mentioned,  that  water  is  often  found 
on  the  blufb  at  a  much  less  depth  than  at  their  base.  The  geolog- 
ical formation  satisfactorily  accounts  for  this. 

Brick  are  made  at  many  places  in  the  county.  Oronoco,  Eyota, 
Pleasant  Grove  and  Byron  furnish  brick.  The  most  of  them  are 
made  at  Rochester.  £.  P.  Brown  burns  850,000  a  year.  Whit- 
comb  Bros,  bum,  as  they  tell  me,  1,200,000  brick  per  year,  in  fiye 
or  six  kilns.  The  brick  here  and  at  Brown's  are  machine  made. 
V.  Whitcomb  has  a  small  brickyard  near  that  of  Whitcomb  Bros. 
In  all  cases  coming  under  ^ly  observation  the  brick  are  made  ft*om 
the  washed  clay.  This  is  in  beds  Arom  two  feet  to  ten  or  twelve 
feet  or  more.  Although  this  material  is  sandy,  more  sand  is  usu- 
ally put  in  in  making  the  brick,  which  are  consequently  tender, 
and  of  poor  quality.    The  brick  vitrify  but  little  when  burned. 

No  peat  was  observed  in  the  county.  In  some  lowlands  *whe  turf 
is  thick  and  comparatively  f^ee  firom  inorganic  matter.  This  will 
bom  and  produce  some  heat,  but  it  is  much  inferior  to  proper  peat. 
I  saw  no  peat-bogs  nor  any  extensive  accumulations  of  peat-pro- 
ducing plants  of  any  kind  in  the  county. 

Gold  has  been  found  in  the  drift  along  the  Zumbro  from  Roches- 
ter and  Oronoco  down  to  the  Wabasha  border  and  beyond.  It  is 
found  only  on  the  Lower  Magnesian.  Murchison  calls  attention  to 
this  fact  as  generally  true.  It  is  found  in  the  drift  about  the  stream, 
but  mostly  in  the  bed  of  the  stream  or  in  material  worked  over  by 
it  at  a  comparatively  recent  date.  In  the  same  alluvial  material  is 
foand  a  small  amount  of  black  sand,  of  a  specific  gravity  approach- 
ing that  of  gold.  When  the  gold  is  obtained  by  washing,  after  all 
the  other  materials  are  washed  away  this  heavy  black'sand  remains, 
and  the  minute  fragments  of  gold  are  picked  out  tiom  it.  It  is 
therefore  here  called  the  ^'  mother  of  gold,"  and  the  two  are  thought 
to  be  always  together,  a  conclusion  which  need  not  necessarily 
follow. 

The  gold  is  in  minute,  angular  fragments.  The  quantity  is  so 
small  that  it  does  not  pay  to  work  it  by  the  ordinary  method  of 
hand-washing.  Washing  on  a  more  extensive  scale  might  be  made 
to  pay.  It  has  been  tried  two  or  three  times,  but  never  under  fa- 
vorable circumstances,  or  for  periods  of  any  length.  It  remains 
yet  to  be  seen  whether  it  will  pay  or  not. 

It  may  be  worth  while  just  here  to  call  attention  to  the  fact  that 
gold  is  frequently  found  under  these  circumstances.    It  has  been 
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found  oyer  extensive  regions  in  Canada,  where  attempts  at  obtiin- 
ing  it  on  a  large  scale  have  always  faUed  to  pay.  I  have  heard  of 
it  in  Vermont,  Ohio,  Wisconsin  and  Iowa.  The  Director  of  the 
geological  survey  reports  it  from  several  places  in  Minnesota  be- 
sides this,  i.  e.,  in  Fillmore  coanty,  at  Jordan,  in  Scott  county,  etc, 
etc.  From  all  these  facts  the  conclusion  may  be  drawn  that  the 
prospects  of  its  paying  in  Olmsted  county  are  not  good. 
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DODGE  COUNTY. 


BT  v.   W.  HABSIMGTON. 


This  county  lies  immediately  west  of  Olmsted  county.  Its  form 
is  that  of  a  rectangle.  It  is  a  small  county,  having  four  townships 
in  a  north  and  south  direction,  and  three  in  an  east  and  west.  Its 
area  is  as  follows.  This  table  is  taken  from  the  office  of  the  State 
Auditor,  Hon.  O.  P.  Whitcomb : 

ABBA  OF  DODOB  COUNTY. 


Name  of  Township. 


VemoD 

Canisteo  •  •  •  • 
MaDtorriile., 

Milton 

Hayfield.   ... 

Ashland 

Wasioja 

Concord. . .  • « 
Westfleld.... 

Ripley 

Claremont. . . 
EUiDgton. . . . 


. 


ABBA  IN  TOWNSmP. 

Township. 

Bange 

Acres. 

105 

16 

28,057.89 

106 

16 

28,111.88 

107 

16 

28,054.88 

108 

16 

22,964.09 

105 

17 

24,128.22 

106 

17 

24,128.40 

107 

17 

24,081.86 

108 

17 

24,288.99 

105 

18 

28.080.88 

106 

18 

28,008.72 

107 

18 

22,898.42 

108 

18 

22,950.72 

The  total  area  is  280,688.90  acres,  or  nearly  488^  square  miles. 
In  addition  to  this,  Bice  Lake  covers  61  acres  in  this  county. 

Drainage. — ^The  water  flows,  for  the  most  part,  to  the  east  and 
northeast  by  means  of  the  branches  of  Zumbro  River.      The  largest 

Digitized  by  VJH^l^  vie 


98 


OBOliOaiOAL  AND  NATUSAL  HI8TOBT 


of  these  branches  is  the  South  Branch. of  the  Middle  Fork  of  the 
Zumbro,  which  rises  in  Bice  Lake,  on  the  western  border  of  the 
county,  and  flows  eastward  through  nearly  the  central  portion. 
The  north  branch  of  the  same  stream  has  its  source  in  the  wet 
prairies  in  the  northwest  comer  of  the  county  and  flows  nearly 
eastward  also.  The  south  fork  of  the  Zumbro  reaches  this  coanty 
by  two  small  branches  which  have  their  sources  in  the  southeastern 
part.  Cedar  River  enters  near  the  tonthwestern  angle  of  the  oban* 
ty.  It  drains  Westfield  and  a  part  of  Hayfield.  The  fall  of  the 
streams  is  inconsiderable  in  all  parts  of  the  county,  but  is  greater 
in  the  northern  part  of  the  county  than  in  the  southern. 

Bice  Lake  lies  partly  in  this  county,  partly  in  the  county  next 
west. 

Water  Powers. — ^Two  streams  only  furnish  them  in  this  county. 
These  are  two  branches  of  the  Zumbro,  both  branches  of  middle 
fork.    The  following  is  the  list  of  these  powers : 


Mills. 


Wasioja 

Blake's 

Mantorvllle.. 

Rockton 

Agawam 

Bagle  YaUey. 
Bachanan  ... 
Milton 


Owner. 


A.  Mason  &  Son.. 
J.D.Blake 

Adams  &  Kneeland 

John  Bradford 

ObaseA  Swaringan 

J.  Gordon 

Widow  IrUh 

James  Blias 


Location. 


Wasloja  Village 
Sec.  13,  Wasioja 

MantorviUe  Vill 

n,  MantorTille. 
13,  MantorviUe. 
15,  Concord  ... 
BackananVill.. 
9,Mllton 


Stream. 


Middle  Fork. 
Middle  Fork. 

Middle  Fork. 

Middle  Fork. 
Middle  Fork. 
North  Fork.. 
North  Fork. . 
North  Fork.. 


•o^ 

•  .1 

t% 

S« 

Rh 

£^ 

0 

4 

12 

4 

vn 

3 

8 

9 

19 

2 

12 

2 

10 

8 

2 

Kind  of 
MIU. 


OU8.  AflOW. 

Flooring. 

Custom. 

Cns.  A  flour. 
Flouring. 
Onstom. 
Saw  mllL 
Custom. 


Of  the  above  mills  that  at  MantorviUe  has  two  powers,  one  about 
110  rods  below  the  other.  Agawam  Mills  is  the  latest  name  for 
what  has  been  called  Dodge  County  Mills  and  Bunker's  Mill.  An 
unimproved  mill-privilege  was  found  at  Concord.  The  Middle 
Fork  of  the  Zumbro  rises  in  Rice  Lake.  This  lake  also  has  a  nat- 
ural outlet  toward  Straight  River  on  the  west. 

In  order  to  give  the  mills  just  enumerated  on  the  Middle  Fork 
as  much  water  as  possible  the  western  outlet  to  the  lake  has  been 
cut  off.  Yet  for  three  or  four  months  in  the  winter  of  1874-5  the 
mills  had  no  water.  Soii^e  years,  however,  they  continue  to  have 
water  the  year  through.  The  water  in  the  North  Branch  is  even 
more  unreliable  than  this. 

The  surface  is  but  little  diversified.  The  southern  and  south- 
western part  of  the  county  is  prairie-land.  *  In  the  northeastern 
portion  blufis  of  some  hight  are  found  along  the  streams.  The 
'southwestern  part  of  the  county  is  marshy  add  thinly  settled.  The 
region  around  Bice  Lake  is  also  low  and  marshy. 
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The  platB  of  the  goyernment  surveys  were  examined  in  the  office 
of  the  county  register  and  the  following  notes  were  made : 

Vernon  (105,  16)  contains  conSiderable  grab-land  and  a  small 
thicket.  The  remainder  is  all  prairie.  The  magnetic  yariation  is 
from  8^  20^  to  9°  06^. 

OaniHeo. — ( 1 06,  16.)  A  few  acres  of  marsh  and  a  small  pond  are 
found  in  this  township.  About  two-ninths  of  the  township  is  set 
down  as  brush  land.  The  remainder  is  prairie.  Magnetic  varia- 
tion, 8°  26'  to  90  0'. 

MantorviUe* — (107,  16.)  This  township  has  a  small  marsh  laid 
down  about  40  acres  in  extent.  A  considerable  portion  of  the 
township  is  pretty  heavily  wooded,  especially  along  the  streams. 
Magnetic  variation,  7^  24'  to  9**  10'. 

Jlfi^fon.— (108, 16.)  A  small  inarsh  of  25  acres  is  platted.  The 
northern  half  is  mostly  wooded.  The  southeastern  part  is  wooded, 
and  isolated  groves  are  found  on  the  remainder.  On  the  portions 
marked  prairie  are  often  found  notes  of  ^^  barren  thickets,"  ^*  bar- 
rens," '^  scattering  timber,"  &c.  Magnetic  variation,  6^  45'  to 
100  0'. 

Bayfield. — (105, 17.)      It  is  but  little  wooded,  only  about  16  per 

cent.  The  remainder  is  prairie.     Magnetic  variation,  7^  40'  to  ^^  55'. 

AsUand. — (106, 17.)     A  pond  of  about  10  acres  is  found  on  the 

eastern  line  of  section  25.      About  one-ninth  of  the  township  is 

wooded.     Magnetic  variation,  7^  55'  to  8^  50'. 

Wasioja. — (107,  17.)  A  small  marsh  of  about  160  acres  is  laid 
down  in  sections  8  and  9 ;  also  a  patch  of  wet  land  of  240  acres  in 
the  western  part  of  the  township.  Wood  follows  the  main  stream, 
and  a  few  scattering  patches  are  found  elsewhere.  The  remainder 
is  prairie.    Magnetic  variation,  7^  22'  to  8^  80'. 

Concord. — (108,  17.)  Eight  small  marshes  varying  from  8  to  40 
acres  are  platted.  Some  woods  but  mostly  open.  Magnetic  va- 
riation, 60  25'  to  8<>  47'. 

Westfidd.—{lOb,  18.)  Three  marshes  from  50  to  820  acres  each 
are  recorded.  A  little  wooded  land  is  also  present.  The  remainder 
is  prairie.    Magnetic  variation,  7^  24'  to  8^  19'. 

Ripley. — (106,  18.)  A  stream  terminates  in  a  marsh  of  100 
acres  in  section  4.  The  same  is  true  of  a  long  one  near  the  north- 
east comer.  In  addition  to  these  15  marshes  are  laid  down.  They 
vary  from  10  to  820  acres.  Some  wood  is  found  but  the  township 
is  mostly  prairie.  The  magnetic  variation  varies  from  7^  10'  to 
8«  16'. 
QaremoWt. — (107,  18.)      Besides  the  marsh  around  Bice  Lake, 
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there  are  8  small  marshes  varying  from  5  to  60  acres.     A  band  of    i 
wood  runs  through  the  township  diagonally  fh>m  the  northwest 
and  two  or  three  other  small  patones  of  wood  are  laid  down.      The 
magnetic  variation  varies  from  7^  5'  to  8^  15'. 

EUingUm. — (108,  18.)     A  good   many  patches  of  marsh  and 
wooded  land  are  scattered  over  the  township.     Magnetic  variation,    i 
60  48'  to  7<^  66'. 

TIMBER.  I 

Heavy  timber  is  loond  here  as  elsewhere  in  this  part  of  the 
State  along  the  streams.  The  list  of  plants  would  be  nearly 
identical  with  that  of  Olmsted  county.  I  will,  therefore,  give  two 
lists,  viz. :  1. — The  plants  seen  in  Dodge  and  not  in  Olmsted  coun- 
ty.   2. — Plants  seen  in  Olmsted  and  not  in  Dodge  county. 

1.  Woody  plants  seen  in  Dodge  but  not  in  Olmsted  county  : 

Moonseed.    {MenUpermum  Canadense,    L,) 

Jersey  Tea.    (Ceanothus  Americanug.   L.) 

Hawthorn.    {CrataeguB  eoccin$a.   L.) 

Hawthorn.    (O.  Onu-gdlli.  L.) 

Wild  Gooseberry.    iBibe$  Oynosh€Ut  L.) 

Large-leaved  Dogwood.  {Comw  circinata,  L'ffer,)  Found  tn  cold  woods 
and  blulte. 

Oreen  Ash.    {Fraadnus  viridis.  Miehx.) 

Sugarberry.    CeUis  occidentalU,  L.) 

Hop  Horn-Beam.    (^Ostrya  Virginica.  WUld.') 

Yellow  Birch.    (Bctula  exceUa.  Ait ) 

White  Pine.  (IHnw  Strobus,  L.)  A  few  straggling  specimeas  were  seen 
in  Olmsted  county.    There  is  a  grove  of  the  trees  near  Mantorville. 

Balsam  Fir.    {Abies  balsamea.  Marshall,)    With  the  preceding. 

Common  Juniper.    (^Juniperus  communis.  L,) 

Red  Cedar.    (J.  Viginiana,  L.) 

2.  Plants  found  in  Olmsted  but  not  in  Dodge  county : 

Poison  Ivy.    {Bhus  Toxicodendron.  X.) 
Corky  Elm.    ( Ulmus  reeemosa,  TT^omas.) 
Hoary  Alder.    (Alnus  ineana>  WUld.) 

It  does  not  follow,  by  any  means,  that  because  I  did  not  find  the 
plants  given  above  fh>m  one  county  in  the  other,  they  do  not  grow 
there.  These  lists  are  the  results  of  observations  hastily  made  as 
I  drove  through  the  counties.  Many  woody  plants  undoubtedly 
escaped  me. 
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OSOLOOICAL  STRUCTURE. 

The  ontcrops  of  rock  in  this  coanty  are  confined  to  the  northeast 
portion.  Canisteo,  Mantorville^  Milton,  Ck>noord  and  Wasioja  town- 
ships include  them  all.  Over  the  remaining  seven  townships  the 
drift  conceals  every  feature  of  the  rock  below.  All  the  evidence 
that  there  is  indicates  that  to  some  extent,  at  least,  the  rock  so 
covered  is  Cretaceous,  but  I  know  of  no  facts  of  observation  to 
demonstrate  this. 

The  lowest  formation  found  in  the  county  is  that*of  the  Shdkopee 
Limestone.  This  rock  is  known  to  enter  the  county  from  Olmsted, 
along  the  north  branch  of  the  Middle  Fork  of  the  Zumbro.  For  a 
distance  of  about  2}  miles  into  the  county  is  found  the  characteris- 
tic arrangement  of  bluffs  surrounding  a  level  valley.  These  bluflb 
are  usually  abrupt  and  approach  much  nearer  to  the  north  river 
bank  than  to  the  bank  on  the  south.  In  several  places  in  the  bluffs 
the  St.  Peter  Sandstone  was  actually  observed.  So  that,  though  no 
Shakopee  rock  was  actually  seen  within  the  limits  of  the  county, 
the  conclusion  is  a  safe  one  that  it  does  actually  form  the  floor  of 
the  valley  designated  on  the  accompanying  map. 

Surrounding  this  valley  is  the  bluffy  outcrop  of  the  St,  Peter 
Sandstone,  The  strbcture  of  the  bluffs  gives  a  sure  indication  of 
its  presence.  Besides,  as  noted  above,  the  rock  was  actually  seen 
in  several  places.  It  was  sometimes  thrown  out  in  digging  wells, 
and  occasionally  appeared  at  the  side  or  in  the  bed  of  the  road.  It 
preserved  its  characteristic  lithological  character  of  a  white,  friable 
sandstone,  growing  reddish  and  attaining  more  consistency  when 
exposed  to  the  air. 

The  remaining  exposures  of  rock  along  this  stream  are  Trenton 
Limestone.  In  descending  the  stream  everything  is  covered  by 
drift  until  we  reach  the  vicinity  of  Eagle  Valley  Mills,  section  15, 
of  the  township  of  Concord.  Near  here  a  rock,  in  rather  thin  layers, 
is  quarried.  The  quarries  are  on  the  surface,  and  no  good  exposure 
of  the  rock  is  found.  It  is,  however,  without  doubt,  Trenton  stone. 
Two  miles  farther  down  the  stream  is  a  quarry  on  the  south  bank, 
at  the  village  of  Concord,  (N.  W.  corner  of  sec.  23.)  Here  is  a 
pretty  good  exposure  with  the  rock  as  follows,  beginning  above : 
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4  ft.  black  loam  and  reddish  clay. 

2i  ft.  rabble  stone. 

8  ft.  of  dolomitlo  rock,  yellow,  with  fine  reddish  lines;  layers  broken  2--8 

in.  thick. 
8  ft.  of  blnish  stone,  less  dolomitic,  in  eren  beds  1-8  ft.  thick. 
1  ft.  of  blnish  stone,  not  dolomitic  in  thin  layers. 
8i  ft.  of  heavy  layers  of  blush  stone,  not  dolomitic. 

17  ft.  total  exposure. 

Below  this  is  a  compact  limestone,  not  well  exposed.  It  is  not 
dolomitlo  and  is  good  for  burning. 

At  the  sawmill  near  the  middle  of  sec.  17,  of  Milton,  the  road 
passes  around  an  exposure  of  rock.  Here  are  about  10  feet  of  shaly 
limestone  and  blue  clay.  A  fine  specimen  of  ReeeptaculUes  lay  in 
the  wheel-track  of  the  road,  and  had  been  oonsiderably  marred. 
Many  other  incomplete  specimens  were  found. 

An  eighth  of  a  mile  below  this  saw  mill,  (still  in  sec.  1 7  of  Milton,) 
is  an  irregular  bluff  on  the  south  side  of  the  stream.  It  is  concealed 
by  debris,  bushes,  etc.,  and  not  very  accessible.  The  following  meas- 
urements and  observations  were  obtained  with  as  much  accuracy  as 
circumstances  would  admit.    They  are  taken  from  above : 

• 

10  ft.  of  yellowish  limestone  in  thin  layers. 

1  ft.  of  compact  alnminoos  layers  in  2  or  8  layers. 

16  ft.  of  shale,  limestone  and  bine  clay  In  alternate  layers,  osoally  thin. 

Below,  passing  under  the  debris  and  probably  occupying  the 
present  river-bed  is  a  thick  stratum  of  compact  limestone,  with  a 
depth  of  upwards  of  20  feet.  Receptaculitea  are  abundant  in  the 
rock. 

As  might  be  anticipated  from  the  structure  of  the  rock,  living 
springs  are  abundant  along  these  bluffs.  One  very  fine  one,  the 
size  of  one's  arm,  pours  out  from  the  rock  just  above  the  sawmill,  at 
a  distance  of  20  feet  above  the  water  of  the  stream.  Here  these 
springs  are  almost  equal  in  numbers  in  bluffs  facing  north  or  south, 
betraying  the  absence  of  dip  at  this  point  in  either  of  those  direc- 
tions. 

Other  small  exposures  of  Trenton  rock  were  seen  in  the  road  in 
several  places  within  the  Trenton  area  as  marked  on  the  accompa- 
nying map,  as  at  sections  19  and  80  of  Milton  township,  and  in 
sections  12,  18  and  14  of  Mantorville.  The  lower  parts  of  the  ex- 
posures at  Mantorville  and  Wasioja  are,  in  all  probability,  Tren- 
ton, but  as  it  is  impracticable  to  tell  where  this  rock  begins,  and 
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the  rook  above  ceases,  these  exposures  will  be  described  under  the 
Galena.  The  Trenton  can  also  be  traced  into  this  county  Arom 
Olmsted,  in  sec.  14,  Canisteo. 

The  GMena  Limestone  is  found  cropping  out  along  the  South 
Branch  of  the  Middle  Fork  of  the  Zumbro,  or  the  Mantorville 
stream.  In  descending  this  stream  no  rock  is  found  until  in  sec. 
14,  and  the  first  important  quarry  is  that  of  Thomas  Arnold,  on  the 
north  bank  of  the  stream  in  sec.  18  of  Wasioja.  At  the  top  of  the 
exposed  wall  is  a  layer  of  5  feet  of  rubble  stone.  Below  this  are 
30  feet  of  dolomitic  sparry  stone,  yellow  when  weathered,  blue 
within.  It  is  in  evenly  bedded  layers,  6  in.  to  8  ft.  thick.  It  works 
smoothly  and  is  soft,  without  flint.  Near  the  bottom  the  rock  was 
gray  when  weathered. 

A  few  rods  below  this,  on  the  same  side  of  the  stream,  are  the 
lime  kilns  of  James  Paul,  two  in  number.  This  is  in  the  village  of 
Wasioja,  in  sec.  18.  The  rock,  of  which  he  has  8  or  10  ft.  exposed 
close  by,  is  yellow  and  in  thin,  rather  irregular  firagments.  It  is 
in  all  probability  Galena.  Mr.  Paul  obtains  ft*om  this  a  lime  of  a 
light  yellow  color.  He  burns  about  840  bbls.  per  year,  for  which 
he  obtains  $1.00  per  barrel.  He  uses  for  this  86  cords  of  wood  for 
which  he  pays  $4.00  per  cord.  Mr.  Paul  praises  his  lime  highly, 
and  it  is  acknowledged  on  all  hands  to  be  good  for  laying  stone. 
It  is,  however,  generally  said  to  be  slow  in  slacking  and  not  strong. 

Blake's  Mill  is  on  the  eastern  edge  of  sec.  18  of  Wasioja.  At 
this  place  is  an  exposure  of  about  80  ft.  of  rock  where  materials 
have  been  obtained  for  the  mill  and  dam.  The  upper  5  ft.  are  of  bro- 
ken rubble  stone.  The  remainder  is  in  solid,  even  beds,  6  in.  to  8  ft. 
thick.  The  stone  is  a  limestone,  yellow,  dolomitic,  compact,  coarse- 
grained. 

About  half  a  mile  above  Mantorville,  in  section  17  of  Mantorville 
township,  is  a  natural  exposure  of  about  40  ft.  of  rock,  on  the  north 
bank.  The  upper  20  ft.  are  composed  of  a  compact  rock  in  thick 
beds,  yellow  in  color,  wearing  away  very  evenly  }by  weathering,  in 
a  castellated  manner.  Below  it  the  rock  wears  much  more  unevenly 
and  is  grayish.  Between  the  two  lies  a  thin  soft  layer  which  was 
not  accessible.  It  wears  out  much  more  rapidly  than  the  other 
rocks.  It  is  probably  a  clay-shale.  About  20  yards  from  this 
place  is  a  fine  spring,  always  fiowing.  It  is  caused  by  a  layer  of 
green  shale  lying  just  below  it. 

In  the  bed  of  the  stream,  just  below  the  first  dam  at  Mantorville, 
sec.  20,  is  a  compact,  dark  limestone  in  thin  beds  and  not  dolomitic. 

Just  below,  in  the  village  of  Mantorville,  are  the  quarries  of  Chas. 
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Ginsberg  and  of  WilUon  and  Hook.  The  sections  here  were  des- 
cribed in  the  first  annual  report,  pp.  99.  They  have  not  changed 
appreciably  in  that  time  and  the  sections  need  not  be  repeated. 
JTnst  below  Willson  and  Hook's  quarry  is  that  of  Peter  Mantor. 
From  the  stone  in  Ginsberg's  quarry,  his  brewery,  hardby,  was 
made.  It  is  one  of  the  finest  buildings  in  this,  part  of  the  State, 
From  the  stone  in  the  other  quarries  were  made,  the  facings  of  the 
Court  House,  l^choolhouse  and  Cook's  Hotel  in  Rochester ;  the  pub- 
lic buildings  and  many  of  the  stores  at  Mantoryille ;  many  railroad 
bridges  along  the  Winona  &  St.  Peter,  the  highway  bridge  at  Owa- 
tonna,  etc.  The  stone  is  especially  prized  for  the  following  reasons : 
.1.    It  is  evenly  bedded  and  can  be  got  out  in  good  shape. 

2.    There  is  little  grit  or  flint  in  it  to  take  off  the  edge  of  tools. 
It  therefore  works  easily. 
8.    It  hardens  after  exposure. 

4.  The  color  is  yellow  or  light  blue  and  is  pleasing. 

5.  There  is  little  iron  in  it  to  cause  discolored  spots.  Two  or 
three  such  spots  are  seen  in  the  Court  House  at  Mantorville.  The 
iron  on  weathering  makes  a  rusty  blotch  on  the  surface  of  the  stone. 
These  ferruginous  spots  can  be  easily  detected  beforehand,  and  rock 
containing  them  should  not  be  used  for  the  outside. 

Mantor's  quarry  lies  on  both  sides  of  the  stream.  That  on  the 
north  side  ik  quite  similar  in  rock  and  strata  to  that  of  Willson  and 
Hook,  described  by  Prof.  Winchell.  That  on  the  south  side  of  the 
stream,  opposite  and  a  little  below  the  other,  has  the  following  sec- 
tion taken  firom  above : 

2   It.  of  loose  material,  broken  rubble  stone. 
1    ft.  light  yellow  rock  in  layers  8  in.  thick. 
4i  ft.  or  yellow  dolomitic  rock  in  thick  beds. 
k  ft.  of  shaly,  yellow  rock,  includlDg  a  layer  of  2  inches  of  an  aneemeat- 

ed  rather  fine  gravel,  containlDg  numerous  black  qaartzite  pebbles. 
4   ft.  yellow  dolomitic  rock,  in  thick  beds. 

12  ft.  total  exposure. 

In  the  bed  of  the  race  at  the  second  dam  at  Mantorville,  110 
rods  below  the  mill,  sec.  21,  is  a  fossiliferous  greea  shale. 

At  Boekton  Mills,  sec.  22,  Mantorville,  is  a  considerable  expo- 
sure. This  section  is  given  at  p.  100,  in  the  First  Annual  Report, 
under  the  head  of  ''  Section  at  Pettit's  Mill."  In  sees.  14,  15,  21, 
22,  28,  occasional  exposures,  usually  slight,  were  seen. 

From  the  facts  stated  above,  as  well  as  those  stated  by  Prof. 
Winchell,  in  his  first  annual  report,  the  conclusion  has  been  drawn 
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that  the  Trenton  occupies  the  bed  of  the  stream  as  high  as  Wasioja, 
bat  that  the  bluffs  are  capped  by  Galena.  This  is  the  explanation 
of  the  long  arm  of  blue  color  along  the  stream  on  the  accompany- 
ing map. 

Drift. — This  covered  nearly  the  whole  county.  Boulders  are  abund- 
ant and  sometimes  very  large.  Blue  clay  is  said  to  underlie  the 
whole  of  the  southern  and  western  part  of  the  county.  It  lies  at 
the  depth  of  10-^0  feet,  where  it  is  always  met  in  digging  wells. 
Logs  are  sometimes  found  in  it. 

On  the  railroad  betwee  n  sections  82  and  88'  of  Wasioja  the  water 
washed  out  a  d{^tch  to  a  considerable  depth  so  that  the  following 
section  could  be  made : 

2  ft.  of  black  loam  above. 

G  ft.  of  yellow  sandy  clay  with  some  small  pebbles  below. 
4  ft.  to  bottom,  alternations  of  thin  fermginoas  sandy  illms  and  black  or 
yellowish  sandy  clay. 

12  ft.  total. 

In  the  bottom  of  the  ditch  was  a  bluish  quartzite  bolder,  15  in. 
across,  and  6  in.  thick,  worn  off  smoothly  on  one  side  by  glacial 
action.    The  smooth  side  was  polished,  but  scratched. 

At  the  crossing  of  the  railroad  over  the  stream  a  similar  section, 
15  feet  thick,  was  found.  It  was  similar  to  the  above  except  that 
the  bottom  clay  was  dark  blue  and  without  the  ferruginous  films. 
In  this  clay  were  numerous  drift-pebbles ;  among  others  a  piece  of 
Galena  limestone. 

The  boulders  are  numerous  and  usually  granitic,  syenitic  or 
quartzose  in  character.  In  the  railroad  cuttings  in  Wasioja  town- 
ship, some  ferruginous  concretions  of  small  size  and  much  decayed, 
many  fragments  of  Galena  limestone  and  a  solitary  piece  of  argiilite 
were  found.  Careful  search  was  made  for  traces  of  the  Maquoketa 
shales  but  they  were  not  found. 

Briclc  are  made  by  Wra.  Gutherless  at  Dodge  Center.  He  makes 
200,000  per  year.  They  take  75  cords  of  wood  at  $2.75  per  cord. 
The  yellow  or  washed  clay  is  employed.  Mr.  Gutherless  puts  in 
about  one-third  sand  which  keeps  the  brick  from  checking  and 
warping.    The  bed  of  clay  is  worked  for  a  thickness  of  8  or  4  feet. 

Three  miles  west  of  Dodge  Center,  Mr.  Taylor  made  222,000 
brick  last  year.  They  are  fVom  the  same  clay.  In  a  brick  building 
which  had  been  standing  barely  a  year,  quite  a  number  of  these 
brick  had  begun  to  crumble. 
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6.  F.  Rhodes,  of  Easson,  makes  brick  f^om  a  reddish  washed  \ 
clay  obtained  from  a  bank  in  the  village  of  Mantorville.  He  makes 
about  600,000  brick  per  year.  A  kiln  contains  120,000  and  takes 
40  cords  of  wood  at  a  cost  of  S4.00  per  cord.  The  brick  sell  at 
$7.00  per  thousand.  No  sand  is  put  in  the  clay,  and  the  brick  are 
machine  pressed.  The  brick  are  tender,  like  others  made  from 
washed  clay,  except  when  the  burn  is  exactly  right. 

The  clay  in  the  bed  used  by  Mr.  Rhodes  varies  in  the  amount  of 
alumina.  From  the  richest  clay  he  has  made  a  batch  of  drain  tiles. 
They  are  tough  and  have  the  characteristic  color  of  such  tiles.  He 
makes  three  sizes  which  he  sells  as  follows : 

2  inch  bore  at $15  00  per  thousand. 

3  inch  bore  at 17  50  per  thousancL 

4  inch  bore  at 20  00  per  thousand. 

In  sec.  17  of  Milton  Township,  Jacob  Baumgartn^r  has  a  kiln  in 
which  he  occasionally  burns  lime,  I  was  unable  to  see  either  lime 
or  quarry,  but  the  former  is  said  to  be  whitish  and  the  stone  is  evi*l 
dently  Trenton  Limestone. 

In  sec.  10  of  Milton  Township,  N.  Irish  has  a  kiln  in  which  he 
burns  lime.  The  stone  is  a  bed  of  Travertine,  light,  porous  and 
soft,  apparently  3  or  4  feet  thick.  The  bed  is  at  the  base  of  a  email 
knoll  and  seems  to  have  been  deposited  by  a  spring  now  running 
over  the  bed,  though  Mr.  Irish  claims  that  this  spring  now  produces  - 
soft  water.  I  was  unable  to  ascertain  the  extent  of  the  bed.  One 
hundred  and  forty  barrels  of  lime  are  burnt  in  one  kiln,  which  takes 
6  cords  of  wood,  at  $1.50  per  cord.  The  lime  sells  at  $1.00  per 
barrel  at  the  kiln.  Thirteen  kilns  a  year  are  burned.  The  lime  is 
very  white  and  quick. 
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STEELE  COUNTY 


BT  M.   W.  HABBINGTON. 


Position  and  size.  This  county  lies  in  the  second  tier  of  coun- 
ties from  the  Iowa  line.  It  lies  next  west  of  Dodge  county,  being 
the  fourth  in  number  west  from  the  Mississippi  river.  It  has  the 
form  of  a  rectangle,  and  is  bounded  on  the  south  by  Freeborn,  on 
the  west  by  Waseca,  and  on  the  north  by  Bice  counties. 

The  name,  position  and  size  of  the  townships  are  as  follows.  The 
figures  were  obtained  from  the  office  of  the  State  Auditor,  Hon.  O. 
P.  Whitcomb,  with  some  additions  from  the  office  of  the  county 
register : 

Position  and  Area  of  the  Tovmships. 


Name. 


Blooming  Prairie 

Aurora 

Havanna 

Merton 

Summit 

Somerset 

Owatonna 

Clinton  Falls 

Medford 

Berlin 

I/emond 

Meriden 

Deerfleld 


f. 

R. 

105 

19 

106 

19 

107 

19 

108 

19 

105 

20 

106 

20 

107 

20 

108 

20 

108 

20 

105 

21 

106 

21 

107 

21 

108 

21 

Acres  &  Hundredths. 


22,621.83 
22,964.98 
22,254.04 
22,901.48 
22,982.48 
28,001.47 
22,912.82 
11,446.00 
11,483.57 
22,805.78 
28,005.80 
22,798.25 
22,826.99 


The  total  number  of  acres  of  land  ar^  seen  to  be  273,455.39.  In 
addition  to  these  there  are  about  428.66  acres  of  lake  in  Blooming 
Prairie;  676.33  in  Havanna;  182.30  acres  in  Berlin;  144.46  in 
Meriden  ;  601.79  in  Deerfield.     The  total  lake  area  in  the  county 
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is  thus  made  2,083.54  acres.     Adding  this  to  the  acres  of  land,  we 
have  275,488.98  as  the  total  acreage  in  the  county. 

SutfoM. 

This  county  is  quite  level,  and  is  covered  heavily  by  drift.  A8> 
will  be  seen  the  rock  appears  at  the  surface  only  along  the  Straight 
River,  near  its  exit  from  the  county.  Grassy  swales  are  common 
and  characteristic  of  the  swamps,  especially  in  Lemond  township. 
Gravelly  knoles  are  quite  common  in  the  most  of  the  county,  espe- 
cially in  the  southern  part.  They  are  short  and  steep  in  the  south 
part  of  Somerset  and  the  adjoining  parts  of  Summit  and  Blooming 
Prairie.  A  long  straight  ridge  with  many  boulders  runs  nearly  on 
the  township  line  between  Aurora  and  Somerset.  The  southern 
part  of  the  county  is  called  the  Wilderness  and  is  not  thickly  settled. 
The  level  of  the  Milwaukee  and  St.  Paul  Railroad  has  been  already 
published.  The  writer  has  been  unable  to  get  access  to  that  of  the 
Winona  and  St.  Peter  Railroad. 

The  following  notes  were  taken  from  the  field-notes  and  plats  of 
the  government  survey  in  Steele  county,  access  to  which  was  oblig- 
ingly given  me  by  the  County  Register.  The  surveys  were  made 
in  1854. 

Blooming  Pfairity  (105,  19,)  was  covered  by  thickets  and  low 
scrub  for  the  most  part.  Marshes  were  numerous  and  there  were 
two  small  lakes  in  the  northern  part  of  the  township.  Magnetic 
variation,  8^  10'  to  9©  45'. 

Aurora. — (106,  19.)  This  township  much  resembled  the  last; 
thickets  and  scrub  over  the  most  it  and  numerous  marshes,  some  of 
them  quite  large.    Magnetic  variation,  7^  45'  to  9^  45'. 

Havanna, — (107,  19.)  This  township  contains  the  major  part  of 
Rice  Lake.  It  is  for  the  most  part  brushy  or  wooded,  but  the  south- 
western part  is  prairie.  Marshes  are  numerous  but  not  large.  Mag- 
netic variation,  7°  44'  to  9^  25'. 

Merlon. — (108,  19.)  This  township  was  found  to  be  wooded  on 
the  south  side  and  in  the  northwest  corner.  The  remainder  was 
prairie.  A  large  marsh  was  located  in  sections  28  and  24,  and 
many  smaller  ones  were  scattered  over  the  county.  Magnetic  va- 
riation, 7°  87'  to  9»  28^ 

SummU^  (105,  20)  was  wooded  in  the  eastern  half,  prairie  in  the 
western.  A  large  branching  marsh  is  located  along  the  streams, 
and  there  are  a  few  isolated  marshes.  A  stream  from  the  south 
loses  itself  in  the  southwest  comer  of  section  20.  Magnetic  varia- 
tion 9*  18'  to  10°  28'. 
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Somerset  (106,  20)  had  seyeral  sections  of  prairie  in  the  north- 
east comer,  and  the  portion  of  the  township  lying  west  of  the 
Straight  River  was  prairie ;  otherwise  it  was  wooded.  The  marshes 
platted  are  few  and  not  large.     Magnetic  variation,  9°  18'  to  10o45\ 

Owatonnaf  (107,  20.)  A  band  of  woods,  2-5  miles  wide,  crosses 
the  township  accompanying  the  Straight  River,  and  lying  on  its 
eastern  bank  The  remainder  is  prairie.  The  banks  of  the  stream 
were  blaffy.  Magnetic  variation,  9^  10'  to  10^  45'.  The  site  of  the 
city  of  Owatonna  was  already  in  part  claimed  when  the  survey  was 
made  (1854.) 

Glinton  FaMs  (south  half  of  108,  20)  was  mostly  woo&ed,  though 
a  wedge  of  prairie  lay  between  the  Straight  River  and  Crane  Creek. 
There  was  also  a  little  prairie  on  the  eastern  border.  There  was  a 
long  marsh  platted  in  sections  26  and  27.  Magnetic  variation, 
90  10'— 10«  80'. 

Medford, — (north  half  of  108,  20.)  This  township  is  prairie,  ex- 
cept for  a  wooded  strip  2-4  miles  wide,  east  of  the  river.  The 
banks  of  the  stream  are  rather  bluffy.  The  claims  of  Sanburn,  in 
section  16,  Ck>llings  and  Johnson,  in  9,  and  Wright,  in  section  5, 
were  already  made.    Magnetic  variation,  8^  85'  to  10^  80'. 

JSeWm,  (105,  21,)  was  wooded  through  the  center  of  the  town- 
ship ;  the  remainder  was  for  the  most  part  prairie.  The  plats  indi- 
cate marshes  along  the  streams,  and  some  other  scattered  marshy 
spots.  Near  the  center  lie  Looigana  and  Beaver  lakes,  and  in  the 
soathwestern  part  a  pond.  Beaver  Lake  is  now  said  to  be  deep 
and  clear,  and  to  contain  only  soft  water.  This  item,  and  much 
other  valuable  information  concerning  this  county,  the  writer  owes 
to  Rev.  G.  C.  Tanner,  superintendent  of  schools  for  the  county. 
Magnetic  variation,  8^  45'  to  10^  84'. 

Lemond. — (106,  21.)  The  northwest  part  was  woody  and  marshy, 
and  there  are  besides  two  or  three  isolated  groves  of  small  extent. 
An  extensive  marsh  crosses  the  north  end  of  the  township.  Mag- 
netic variation,  l(P  00'  to  11®  18^ 

Meriden. — (107, 21.)  This  township  was  nearly  all  prairie,  a  little 
wood  being  found  north  of  Crane  Creek  and  also  a  small  amount  in 
the  southern  part.  The  land  along  the  creek  was  marshy.  On  the 
northern  boundary  a  small  lake  was  found.  Magnetic  variation, 
100  22' to  11^80'. 

Deerfield. — (108, 21.)  A  lake  enters  from  the  south.  Another  of 
about  220  acres  is  platted  just  northeast  of  this,  and  near  it  is  a 
pond  of  about  half  the  size.  All  the  township  was  wooded  except 
the  northwest  corner,  which  was  prairie.     Extensive  marshes  were 
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platted  in  the  soathern  and  western  part.     Magnetic  variation,  9^ 
80'  to  no  40'. 

On  comparing  the  magnetic  variations  given  above,  it  is  found 
that  the  extremes  are  7^  87'  in  Merton,  and  11^  40"  in  Deerfield,  be- 
ing a  variation  of  more  than  4^  in  one  small  county. 

Drainage. 

This  county  is  well  provided  with  lakes,  as  may  be  seen  in  the 
preceding  notes.  Marshes  also  are  numerous.  These  are  due  to 
the  level  character  of  the  country,  and  to  the  very  slight  elevation 
of  one  part  above  another.  The  small  amount  of  the  elevation  is 
ftu-ther  shown  by  the  sluggishness  of  the  currents  in  the  various 
streams.  The  course  of  the  Straight  river  shows  that  what  elevsr 
tion  there  is  in  the  county,  its  increase  occurs  as  we  travel  south- 
ward. But,  although  the  county  is  very  nearly  level  and  has  little 
change  in  elevation  within  itself,  its  elevation  with  reference  to  the 
rest  of  the  State  is  considerable.  This  is  shown  by  the  fact  that 
two  streams  origninate  here,  viz. :  the  Straight  river,  in  the  southern 
part  of  the  county,  and  a  branch  of  the  Zumbro  in  Bice  Lake.  It 
is  worthy  of  remark  here,  though  it  was  mentioned  in  the  report  on 
Dodge  county,  that  Rice  Lake  has  a  natural  outlet  into  the  Straight 
river  as  well  as  into  the  Zumbro. 

The  small  amount  of  fall  of  the  streams  limits  the  mill  privileges 
in  this  county.  The  mills  are  found  only  on  the  Straight  Biver,  at 
Owatonna,  and  north. 

The  City  Mills  at  Owatonna,  Drought  &  Whitson,  owners.  They 
have  7  feet  head  of  water,  and  three  run  of  stone.  It  is  a  custom 
mill,  but  does  a  little  flouring  business. 

Clinton  Mills  are  at  Clinton  Falls,  Sherman  &  Winship,  owners. 
They  have  10  feet  head  of  water,  and  three  run  of  stone.  It  is  a 
custom  and  flouring  mill. 

Medford  Mills  are  at  Medford,  White,  Beynon  &  Co.,  owners. 
They  have  10  feet  of  head  of  water  and  4  run  of  stone.  They  do 
only  a  flouring  business. 

There  is  said  to  be  an  available  water-power,  unimproved,  at  Lin- 
densmith's  between  Owatonna  and  Clinton  Falls. 

Timber, 

The  time  spent  in  this  county  was  not  long  enough  to  make  out 
a  list  of  the  woody  plants  at  all  approaching  completeness.  The 
following  were  noted :  ^ 
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Bass  wood.    {TUia  Americana,  X.) 

Smooth  Saxnach.    {Bhus  glabra.  L.) 

WUd  Grape.    {VUU.) 

Virginia  Creeper.    (Ampelopais  quinquefolia,  Michx.) 

New  Jersey  Tea.    {Ceanothua  Americanua,  L.) 

Sugar  Maple.    {Acer  saccharinum.  Wang.) 

Silvery  Maple.    {A,  daaycarpum.  Ehr.) 

Bed  or  Swamp  Maple.     iAcer  ruhrum.  L.) 

Box-elder.    (Negrundo  aceroides.  Mcench.) 

False  Indigo.    {Amorpha  fruticosa,  L,) 

Locast.    CBohinia  Faeudacacia,  Z.)    Caltivated. 

Wild  Yellow  or  Red  Plum.    {Prunus  Americana.  Mara?Mll.) 

Cherry.    {JPrunua.) 

Red  Raspberry.    {Bubus  atrigosua.  Jl^hx.) 

Blackberry.    {B.  villoaua.  Ait.) 

Crab.    (Pyrus  arbutifolia.  L.) 

Dogwood.    Comus  paniculcUa,  VHer.) 

Wolfberry.    {Stfmphoricarpua  ocddentalia.  B.  Br.) 

Ash.    {Fraxinua.) 

Slippery  Elm.    {Ulmtufulva.  MicJiz.) 

White  Elm.    ( U.  Americana.    L.  pU  Clayt.) 

Battemat.    (Juglana cinerea.  L.) 

Walnut.    {Juglana  nigra.  L.) 

Hickory.    (Garya.) 

Bur  Oak.    {Quercua  macrocarpa,  Michx.) 

Black  Oak.    {^Quercua  coccinea^  Wang,  var  tinctoria,  Bartram.) 

Wild  Hazel-nut.    (^Corylua  Americana.  Walt.) 

Iron- wood.    (^Oatrya  Virginica.  Willd,) 

America  Aspen.    {Populua  tremuloidea.  MicJix.) 

Cottonwood.    (P.  monilifera.  Ait.) 

Largetoothed  Aspen.    (P.  grandidentata.  Mchx.) 

BalmofGllead.    (P.  balaamifera.  L.    Var.  candicana.  Ait.)    Caltivated. 

Geology. 

The  heaviness  of  the  drift  over  this  county  effectually  covers  all 
the  rock.  The  slight  fail  of  the  river  enables  it  to  uncover  but  little 
thus  covered  up.  The  only  exposure  of  rock  in  the  county  is  at 
Lindensmith's,  about  two  miles  below,  and  this  exposure  is  but  a 
slight  one. 

The  rock  is  Trenton  Limestone^  and  is  first  met  at  John  Abbott's 
quarry,  in  section  33,  of  Clinton  Falls.  It  is  in  the  bed  and  on  the 
low  banks  of  the  Straight  River.  The  exposure  at  the  time  vis- 
ited extended  only  about  4  feet  above  the  surface  of  the  water. 
The  rock  is  in  horizontal  layers,  2-6  inches  thick.  It  is  blue  on 
fresh  fracture,  yellow  when  weathered,  compact,  sparry,  and  con- 
tains many  minute  fragments  of  blue  shale,  like  the  corresponding 
rock  at  Minneapolis. 
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Just  below,  on  section  28,  is  Lindensmitii's  qaarry.  The  rock  is 
in  thicker  layers  than  in  Abbot's  quarry.  The  following  sectioii 
was  seen  in  one  place,  beginning  above : 

2  feet  loam. 

2  feet  blue  clay  and  limestone  in  thin  layers. 

4  feel— to  water's  surface— compact  blue  limestone,  in  thin  layers. 

The  rock  is  like  that  in  Abbott's  quarry.  Near  by  was  another 
section  as  follows :  ' 

84  ft.  black  and  red  loam. 

a   ft.  hard  yellow  clay. 

7   ft.  blue  stone  in  layers  2-5  inches  thick,  extending  to  surface  of  water. 

Below  this  there  is  no  more  rock  until  the  county  line  is  passed. 
At  Wolcott  Mills,  about  1}  miles  in  Rice  county,  blue  Trenton 
limestone  has  been  quarried  in  the  bed  of  the  river. 

No  fossils  were  found  in  the  rock.  This  stone  is  used  for  fag- 
ging and  other  purposes  at  Owatonna,  and  is  considered  a  good 
stone. 

Some  evidence  of  the  existence  of  a  Cretaceous  area  in  the  State 
was  found.  On  the  southeast  quarter  of  section  26,  of  Deerfield, 
on  the  farm  of  Aug.  Hofftaaann,  coal  has  been  found  in  sinking  a 
well.  Dr.  G.  A.  Rossbach  tells  the  writer  that  they  went  through 
25  feet  of  black-blue  clay,  in  the  under  part  of  which  were  fragments 
of  coal.  After  that  they  passed  through  gravel  in  which  also  were 
coal  fragments.  At  the  depth  of  63  or  64  feet  rock  was  struck,  the 
drill  showed  it  to  be  black  slate  with  pieces  of  coal  imbedded  in  it. 
Although  no  specimens  of  the  coal  were  seen  by  the  writer  the  de- 
scription given  would  answer  for  Cretaceous  lignite.  When  the 
matter  is  further  explored  by  capitalists  which  will,  in  probability, 
soon  happen,  all  doubt  as  to  the  geological  horizon  of  the  rock  will 
be  cleared  up.  Meantime  the  evidence  from  the  geology  of  adjoin- 
ing counties,  as  well  as  the  nature  of  the  rock  itself,  justifies  us  in 
calling  the  rock  Cretaceous.  Just  west  of  Owatonna  another  farmer 
is  said  to  have  struck  coal  also,  though  the  writer  was  unable  to  get 
any  further  information  on  the  matter. 

The  Drift  is  here,  as  already  mentioned,  very  heavy.  Sections 
of  it  were  seen  at  several  places.  A  gravel-knoll  cut  through  at 
Owatonna  showed  one  foot  of  black  loam  on  the  top,  then  four  feet 
of  yellow,  sandy  clay,  then  seven  feet  of  assorted  sand  and  gravel. 
Other  sections  along  the  railroads  showed  essentially  the  same 
arrangement.  Among  the  gravel-pebbles,  fragments  of  argillite 
were  common. 
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The  Owatonna  mineral  springs  should  be  mentioned.  They  are 
nine  in  number,  and  are  located  about  one  and  one-half  miles  north- 
east of  the  city.  They  lie  along  Maple  Creek,  at  the  base  of  a  low 
clayey  bluff.  Of  the  five  seen  by  the  writer,  four  deposited  iron. 
The  water  of  the  fifth  had  a  decidedly  bluish  tint.  Fountain  spring 
was  put  down  22  feet  and  now  flows  out  freely,  raising  the  water 
about  five  feet  above  the  surface.  The  others  are  natural  springs. 
They  are  all  undoubtedly  due  to  the  clay-floor  underlying  the  loose 
materials  of  the  drift.  The  taste  of  the  water  in  the  five  visited 
by  me  was  slightly  mineral.  The  analysis  of  the  water,  published 
by  the  Owatonna  Mineral  Springs  Company  is  appended.  To 
which  of  the  springs  this  analysis  belonged  could  not  be  ascer- 
tained: 

In  one  gallon,  or  281  cubic  inches,  there  are : 

Chloride  of  Sodiam 1680  grains. 

Sulphateof  Sodium 2856      « 

Bicarbonate  of  Sodiam 1.8592      « 

Bicarbonate  of  Calciam • 18.1992       « 

Bicarbonate  of  Magnesium  5.2920      ** 

Bicarbonate  of  Protoxide  of  Iron 6160      " 

Alumina 2800      «« 

Silica 1.1200      «« 

Organic  Matter atrace. 

Total 22.8200  grains. 

Cornell  Brothers,  at  Owatonna,  manufacture  stoneware.  The 
clay  employed  is  a  fine,  rich,  plastic,  blue  clay,  and  is  at  present 
obtained  from  Eldora,  Hardin  county,  Iowa.  This  bed  of  clay  is 
being  exhausted,  and  its  quality  is  deteriorating.  This  has  deter- 
mined the  firm  to  try  a  gray  clay  found  about  one  mile  east  of 
Owatonna.  This  is  the  same  layer  of  clay  which  crops  out  at  the 
mineral  springs  near  the  city.  It  has  been  found  to  work  well. 
Excellent  fire-brick  is  made  from  this  clay.  This  firm  has  just 
started  in  business.  They  make  about  1,000  gallons  a  week  in 
jars,  jugs,  &c. 

Dr.  £.  N.  Morehouse  makes  brick  from  a  bluish,  yellow,  washed 
clay,  near  Owatonna.  He  puts  in  the  clay  about  one-third  sand. 
He  makes  225,000  bricks  a  year,  for  which  he  charges  $8.00  to 
$12.00  per  thousand,  according  to  quality.  He  uses  50  cords  of 
wood  for  every  100,000  of  bricks.  The  wood  costs  $3.00  per  cord 
at  the  place  of  cutting.  The  bricks  are,  like  all  of  those  made  from 
15  T 
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the  washed  clay,  not  first-class.  Dr.  Morehouse  has  experimented 
on  making  anglazed  red  ware  from  his  clay,  with  fair  results. 

Odell  and  Cornell  also  make  bricks  near  Owatonna.  Bricks  are 
also  made  on  the  farm  of  Mr.  Skinner,  near  Blooming  Prairie. 

An  artesian  well  has  been  subscribed  for  at  Owatonna,  and  will 
probably  soon  be  sunk.  It  must  obtain  results  of  great  value  for 
the  G^logical  Survey. 
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TOI>OaR^PHY. 


The  lists  of  railroad  elevations  given  in  the  first  annnal  report 
carried  a  net  work  of  levels  over  the  most  of  the  inhabited  portion 
of  the  State.  They  demonstrate  the  nearly  level  condition  of  the 
general  sorface  of  the  State.  The  changes  of  level  are,  in  that 
portion  through  which  railroad  lines  have  been  mn,  of  the  nature 
of  broad  swells  in  the  substructure,  and  indicate  the  changes  in  the 
geological  formations,  that  bring  on  a  series  of  hard  and  very  en- 
during rocks,  or  a  thickness  of  more  erosible  layers.  Thus  ihe 
Upper  Devonian,  in  the  southern  tier  of  counties,  is  characterized 
by  a  considerable  elevation  above  the  formations  that  underlie  it. 
llie  level  surface  that  characterzes  the  Cretaceous  in  Steele  and  Dodge 
counties,  as  well  as  in  much  of  the  western  part  of  the  State,  is  at- 
tributable to  the  effect  of  that  formation  in  toning  down,  and  con* 
cealing,  the  irregularities  in  the  old  Devonian  and  Silurian  surfaces. 
Thus  there  subsists  a  very  intimate  relation  between  the  topo- 
graphy and  the  geology  in  the  various  parts  of  the  State.  The 
illustrations  that  have  already  been  given  in  the  report  on  the 
geology  of  Fillmore  county,  are  still  more  striking  proofs  that  the 
topography  of  a  country  is  that  which  gives  the  first  response  to 
the  enquiring  geologist  when  locating  the  geological  boundaries. 
For  this  reason  it  is  highly  desirable  that  all  lines  of  railroad  sur- 
vey, which  have  been  run  in  the  State,  should  be  made  tributary  to 
this  end.  It  matters  but  little  whether  the  railroads  for  which  such 
surveys  were  intended  were  ever  constructed.  All  that  is  needed 
is  the  comparative  hights  of  the  points  along  a  known  line.  The 
undulations  of  the  surface  are  very  significant  to  the  geologist. 

The  following  lists  are  given  as  a  further  contribution  to  this 
subject.  They  have  been  fhrnished  by  the  engineers  of  the  Chicago, 
Milwaukee  and  St.  Paul  Railroad,  and  refer  the  points  named  to 
the  level  of  the  ocean.  They  pass  through  some  of  the  principal 
cities  and  the  wealthiest  counties  of  the  State. 
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BAILROAD  ELEVATIONS. 


THE  CHICAGO,  MILWAUKEE  AND  ST.  PAUL  R.  R. 
From  the  ReeordSj  by  Robert  Angst, 

IOWA  AND  BaKMBSOTA  DIVISION. 

[iVbte. --The  track  is  designated  in  all  cases,  when  not  otherwise  men- 
tioned.] 


R.B.). 


State  Line,  Lyle 

Rose  Creek,  (Grade) 

Rose  Creek,  (Bottom) ... 
Dobin's  Creek,  (Grade) . . 
Dobln's  Creek,  (BoUom) 
Y  at  Austin  Junction. . .  < 

Austin,  (Station) 

Wolf  Creek,  (Grade)  . . . 
Wolf  Creek,  (Bottom).. 
Cedar  River,  (Grade) .... 
Cedar  River,  rBottom) . . 
Ramsay,  (Crossing  S.  M. 

Indian  Creek,  (Grade) 

Indian  Creek,  (Bottom) 

Lansing < 

Ingham's  Creek,  (Grade) 

Ingham's  Creek,  (Bottom) 

Top  of  swell,  NE.  i  Sec.  88,  Udolpho,  (Cut  8i  feet) 

Swell,  half  a  mile  south  of  Madison,  (Cut  H  feet) 

Madison 

Top  of  divide  7ft  miles  N.  of  Madison,  (Natural  Surface) 

Top  of  divide  7ft  miles  N.  of  Madison,  (Grade) 

Blooming  Prairie,  (Depot) 

One-half  mile  S.  B.  of  Aurora,  (Bottom  of  marsh) 

Oue-half  mile  S.  E.  of  Aurora,  (Grade) • 

Aurora  Station.    Sec.  17,  Aurora  Township 

Havana.    S.  W.  ^  sec.  81 

Top  of  divide  between  Havana  and  Owatonna.    Sec.  24,  (Grade 

and  natural  surfkce) .^ 

Winona  and  St.  Peter  Crossing.    Owatonna. . . 
Owatonna,  (Depot) 


Above 
the  Ocean. 


Feet. 
1,099.46 
1,086.41 
1,068.03 
1,094.76 
1,071.46 
1,094  45 
1,097.06 
1,108.06 
1,076.06 
1,100.00 
1,080.06 
1,114.86 
1,110.06 
1,096.66 
1,124  06 
1,120.86 
1.107.66 
1,148.66 
1,149.56 
1,180.06 
1,149.60 
1,146.00 
1,186.76 
1,106.66 
1,114,66 
1,160.66 
1,118,62 

1,141.06 
1,041.66 
1,041.66 
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AboTe 
the  Ocean. 


Maple  Creek,  (Grade) 

Maple  Creek,  (Bottom) 

GUnton  Divide.    Section  21,  i  mile  South  of  road-crossing,  (cat 

2  feet) • 

Medford 

Straight  River,  (Grade) 

Straight  River,  (Bottom) 

Divide  in  Wolcott.    S.  W.  i  sec.  19,  (Natural  surface) 

Divide  in  Wolcott.    8.  W.  i  sec.  19,  (Grade) 

Faribault 

Cannon  River,  (Grade) 

Cannon  River,  (Bottom) 

Divide  in  Cannon  City  Township.    N.  E.  i  sec.  24,  (Natural 

surflEice) 

Divide  in  Cannon  City  Township.    N.  £.  i  sec.  24,  (Grade) 

Bottom  of  swamp,  five  miles  N.  of  Faribault 

Five  miles  N.  of  Faribault,  (Grade) 

Divide,  S.  W.  4  sec.  81.    Bidgewater,  (Natural  surface). . . 

Divide,  8.  W.  }  sec.  81.    Brldgewater,  (Grade) 

Wolf  Creek,  (Grade) 

Wolf  Creek,  (Bottom) , 

Dundas.    Depot 

Spring  Creek,  1}  miles  8.  W.  of  Northfleld,  (Grade) 

Spring  Creek,  1}  miles  8.  W.  of  Northfleld,  (Bottom) 

Heath  Creek,  (Grade), 

Heath  Creek,  (Bottom) 

Northfleld.    Depot 

8.  end  of  Plateau,  2  ms.  N.  of  Northfleld. 

8.  end  of  Plateau,  2  ms.  N.  of  Northfleld 

N.  end  of  Plateau,  8  ms.  N.  of  Northfleld, 

N.  end  of  Plateau,  8  ms.  N,  of  Northfleld 

Foot  of  slope,  near  Chub  Creek,  (Grade  and  nat.  s'ur. ) 

Foot  of  slope,  5  miles  from  Northfleld,  (Natural  Surface) . 

Foot  of  slope,  5  miles  Arom  Northfleld,  (Grade) 

uastle  Rock  Depot 

Divide,  sec.  18,  Castle  Rock  Tp.,  (Natural  Surface) 

Divide,  sec.  18,  Castle  Rock  Tp.,  (Grade) 

Divide,  one  mile  south  of  Farmlngton,  (Natural  Surface). 

Divide,  one  mile  south  of  Farmlngton,  (Grade) 

Farmlngton 

Farmlngton,  Crossing  H.  &  D.  R.  R 

Vermillion  River  Crossing,  (Bottom) 

Vermillion  River  Crossing,  (Grade.)    Rolling  surface  to— 

Rosemont  Depot.    Rolling  surface  to— « •  < 

Westcott  Station 

St.  Paul  Junction,  (at  Mendota) 

Crossing  of  the  St.  Paul  &  Sioux  City  R.  R.,  Mendota 

Mendota  Junction 

Crossing  of  the  Mlnesota  River.  Fort  Snelllng 

Crossing  of  the  Minnesota  River,  (Bottom) 

Fort  Snelllng  Station 

Minnehaha  Station 

Minnehaha  Creek  (grade) 

Minnehaha  Creek  (bottom) 

Minneapolis  Depot. 


Feet. 

1,028.46 

1,012.06 

1,007.66 
997.08 
986.40 
968.06 
1,061.06 
1,084.06 
998.06 
966.71 
948.66 

1,089.06 
1,007.06 
961.66 
998.06 
1,086.66 
1,027.66 
964.66 
986.06 
946.71 
907.06 
894.00 
912.06 
894.66 
906.71 
972.06 
960.06 
969.06 
969.06 
918.06 
910.06 
918.06 
926.76 
1,004.46 
998.66 
904.81 
898.81 
894.09 
891.81 
879.06 
888.06 
960.06 
878.06 
749.90 
,728.40 
71240 
708.48 
662.60 
712.60 
802.80 
806.20 
792.10 
816.00 
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AboTe 
the  Ocean. 


State  Line,  Dear  Le  Boy,  Mower  county  (Nat.  Snr.  and  Grade). 

Le  Loy  Depot 

Divide,  section  28,  Le|Roy,  (Natural  Surface) 

Creek  2J  miles  west  of  Le  Roy  (Grade) 

Greek,  2^  miles  west  of  LeRoy  (Bottom) 

Creek,  2|  miles  west  of  Le  Boy  (Grade) 

Creek,  2|  miles  west  of  Le  Boy  (Bottom) 

Taopi,  (formerly  Bellevue)  section  16,  Lodl  (Grade) 

Divide,  i  mile  west  of  Taopi  section  !7  (Natural  Surfisice) 

Divide,  i  mile  west  of  Taopi  section  17  (Grade) 

Adams,  (Grade) 

Creek,  i  mile  west  of  Adams,  (Grade) 

Creek,  i  mile  west  of  Adams,  (Bottom) 

Little  Cedar  river  crossing  (Grade) 

Little  Cedar  river  crossing  (Bottom) 

Divide,  I  mile  west  of  the  Little  Cedar  (Natural  Surface) 

Divide,  I  mile  west  of  the  Little  Cedar  (Grade) 

Bose  Creek  Station 

Bose  Creek  Crossing,  (Grade) 

Bose  Creek  Crossing,  (Bottom) 


Feet. 

1,168.47 

1,180.57 

1,205.47 

1,185.67 

1,167.97 

1,185.67 

1,170.47 

1,286.47 

1,246.47 

1,248.47 

1,176.47 

1,174.47 

1,169.47 

1,172.47 

1,162.47 

1,208.47 

1,201.17 

1,144.97 

1,186.47 

1.122.47 


Siver  Division. 


Low  water  at  St.  Paul 

Grade  of  the  L.  S.  &  M.  B.  B.,  St.  Paul,  (near  the  old  ware- 

house  on  ihe  trestle  work) 

Dayton's  BluiT,  St.  Paul,  (Grade  of  B.  B.) 

Newport  Station 

Langdon  

Hastings  Depot,  (Junction  H.  &  D.  B.  B.) 

Etter. 

Bed  Wing 

Frontenac 

Lake  City 

Beed's  Landing 

Wabasha 

Kellogg 

Weaver 

Minneiska ^ 

Minnesota  City 

Crossing  of  the  Winona  ft  St.  Peter  B.  B.  (St.  Peter  Junction) 

Winona 

Homer 

LaMoille 

Blchmond .• 

Dakota 

Dresbach •  • 

La  Crescent  lime  kiln,  N,  sSde  of  Houston  county  (Grade) 


672.84 

692.84 
696.84 
787.87 
799.84 
696.81 
677.84 
673.84 
707.84 
691.84 
669.84 
699.24 
689.09 
660  84 
669.44 
664  44 
662.92 
649.44 
660.54 
647.44 
66094 
644.44 
668.44 
687.44 
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Hastings  and  Dakota  B*  B. 


Hastings.  Junction  with  the  Blver  Division  Mil.  &  St.  P.  R  B 

Edge  of  prairie  8  miles  W.  of  Hastings,  Sec.  5,  Marshan,  (Grade 

and  Nat.  Sarf.) 

Thence  slightly  roUing  snrfkce,  or  nearly  level,  to— 

Nine  and  a  half  miles  W.  of  Hastings,  (Grade) 

Nine  and  a  half  miles  W.  of  Hastings,  (Nat.  Snr .) 

Anbnm • 

Sec.  27,  Empire.    Change  of  grade,  (Nat.  Snr.) 

Sec.  27,  Empire.    Change  of  grade,  (Grade) 

Farmington,  Crossing  of  the  I.  and  M.  Division 

Fairfield,  (LakeviUe) 

26i  miles  nrom  Hastings,  (Nat.  Snrfiice). 

26i  miles  from  Hastings,  (Grade) 

i  mile  E.  of  Prior  Lake  Stotion,  (Natural  Surface) 

i  mile  E.  of  Prior  Lake  Station,  (Grade) 

Prior  Lake  Station 

Prior  Lake,  (Snrface  of  water) 

Prior  Lake  Crossing,  (Bottom) 

Cut  ^  mile  W.  of  Prior  Lake  Crossing,  (Nat.  Surface) 

Cut  i  mile  W.  of  Prior  Lake  Crossing,  (Grade) 

Cut  3  miles  W.  of  Prior  Lake  Station,  (Nat.  Surface) 

Cut  3  miles  W.  of  Prior  Lake  Station,  (Grade) 

8  miles  W.  of  Prior  Lake  Station,  (Nat.  Surface) 

8  miles  W.  of  Prior  Lake  Station,  (Grade) 

Shakopee,  Crossing  of  the  Sioux  City  B.  B 

Shakopee,  Crossing  of  the  Minnesota  River,  (Bottom) 

Shakopee,  Crossing  of  the  Minnesota  River,  (Low  water). .. 

Shakopee,  Crossing  of  the  Minnesota  River,  (High  water). .. 
[Extreme  range  of  water,  27.1  feet.] 

Shakopee,  Crossing  of  the  Minnesota  River,  (Grade) 

Chaska  depot I 

Chaska,  Crossing  of  the  Minneapolis  and  St.  Louis  R.  R.... 

Carver  depot 

Carver,  Crossing  of  highway  i  m.  W.  of  depot,  (Ravine,  Bot- 
tom oO 

Carver,  Crossing  of  highway  i  m.  W.  of  Depot,  (Grade) 

Dahlgren,  (Grade) 

Dahlgren  Station,  Q^^at.  Surface) 

Divide  i  m.  W.  of  Dahlgren  Station,  (Nat.  Surface) 

Divide  i  m.  W.  of  Dahlgren,  (Grade) 

Carver  Creek  crossing,  (Bottom) 

Carver  Creek  crossing,  (Grade) 

Benton  Station,  Divide,  (Natural  Surface) 

Benton  Station,  Divide,  (Grade) 

Divide  I  m.  W.  of  Bonngard's  Crossing,  (Nat.  Surface) 

Divide  I  m.  W.  of  Bonngard's  Crossing,  (Grade) 

Toung  America 

Tiger  Lake,  Sec.  16,  (Snrface  of  water) 

Divide  8i  miles  W.  of  Young  America;  i  m.  E.  of  County  Line, 
(Nat.  Surface) 

Divide  3i  ms.  W.  of  Toung  America;  ^  m.  E.  of  Co.  Line,  (Grade) 

Buinalo  Creek  Crossing,  (Bottom) • 

BufTalo  Creek  Crossing,  (Grade) 

Divide  i  mile  E.  of  Glencoe,  (Nat.  Surface) 

Divide  i  mile  E.  of  Glencoe,  (Grade) 

Olencoe  Depot 


Above 
the  Ocean. 

Feet. 
696.81 

814.31 

814.81 
822.31 
848.81 
877.81 
876.31 
891.31 
930.31 
1,079.31 
1,069.81 
960.31 
948.81 
986.31 
896.31 
871.81 
962.81 
926.31 
915.31 
890.31 
749.81 
760.81 
742.81 
667.31 
679.81 
706.41 

714.31 
716.21 
716  81 
802.11 

736.31 
805.00 
968.81 
976.81 
976.31 
970.31 
895.81 
917.81 
943.81 
934.31 
987.81 
978.31 
977.81 
966.81 

997.31 
991.31 
953.81 
970.00 
1,013.81 
1,008.31 
990.01 
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HastlDg  and  Dakota  R.  R.  west  of  Glencoe,  as  surveyed  in  1871  by  F.  A. 
Kimball,  commencing  on  the  range  line  between  80  and  81,  at  Bonnd 
Grove,  eighteen  miles  west  of  Glencoe.*    From  J.  T.  Dodge. 


Above 
the  Oceao. 


Glencoe  Depot.    Station  2,464.50 

Nearly  level  to 

Station,  8,407 .. 

**         8,460     

8,500 

"         8,610 

"         8,660.. 

"         8,670 

"  8,685 

"         8,600 

"  8,625 

"         8,646 

'*         8,655 

"         8,680 

"  8,698 

"         8,710 

"         8,726 

'*  8,780 

*'         8,840 

»»         8,866 

"         8,880 

•«  4,000 

•*         4,100 

««         4,140 

(Undalatlons  5-10  feet.) 

«         4,800 • 

"         4,890 

"         4,400 

4,500 

««         4,600 

"  4,610 

«*         4,668 

"         4,706 

'*  4,720 

*»  4,740 

4,762 

4,774 

4,780 

4,802 

4,820 

«»         4.860 

"  4,870 

"  4,940 

"  4,980  .... 

"  4,992 

«*         5,080 

"         5,100 

«         5,140 InN.  E.  i  Sec.  26,  115-86. 


5,160. 
5,166. 
5,170. 
5,190. 


Fork  of  Beaver  Creek). 


.(W.  Fork  of  Beaver  Creek). 


Feet. 
990.01 

1,036.81 
1,046.81 
1,056.0S 
1,046.08 
1,061.03 
1,064.00 
1,052.00 
1,066.0G 
1,059.00 
1,068.00 
1,055.00 
1,066.00 
1,066.00 
1,069.00 
1,053.00 
1,058.00 
1,060.00 
1,088.00 
1,071.00 
1,071.00 
1,082.00 
1,067.00 

1,072.00 
1,088.00 
1,072.00 
1,086.00 
1,089.00 
1,079.00 
1,094.00 
1,070.00 
1,082.00 
1,068.00 
1,074.00 
1,060.00 
1,074  00 
1,086.00 
1,060.00 
1,071.00 
1,060.00 
1,061.00 
1,021.00 
1,049.00 
1,047.00 
1,045.00 
1,047.00 
1,041.00 
1,056.00 
1,045.00 
1,046.00 


*  From  Bound  Grove  to  Beaver  Creek  the  survey  was  nearly  in  a  dne  west  conne. 
From  Hawk  Creek  to  Big  Stone  Lake  it  ran  firom  fonr  to  six  miles  north  of  the  Minnesota 
Biver. 
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AboYe 
the  Ocean. 


Station,  5,280 

"         6,360 

"  6,800 

(Undulations  of  15  feet.) 

"         6,800.... 

"         5,430  (Sec.  18-18,  B.  87-86. ) 

CUndnlatlons.) 
*'         6,460 


6,490 

6,670  

6,610 

(Undnlations  between  1,086  and  1,061.) 

6.740 • 

6,760 


6,760 

6,790 

6,810 

6,880 

6,900 

6,980 

6,947 

6,970 

6,020 

6,028  (Hawk  Creek). 

6,080 

6,040 

6,090 

6,094 

6,096  (Creek) 

6,100 

6,140 

6,142 

6,146 

6,280 

6,816 

6,840 

6,400. 
6,417. 
6,460. 


rUndulatlng  6-10  feet.) 

6,600 

6,626 

6,660 , 

6,672 ^ 

6,780 

6,770 

6,820 

6,824 

6,826 

6,828 

6,860 

6,870 

6,880 

6,910 

6,980 

6,960 

6,968  (B.  40^1,  Sec.  81-86.) 

6,990 

16 


Feet. 
1,067.00 
1,072.00 
1,066.00 

1,048.00 
1,042.00 

1,022.00 
1,046.00 
1,066.00 
1,041.00 

1,081.00 

1,026.00 

1,088.00 

1,048.00 

1,081.00 

1,089.00 

1,026.00 

1,088.00 

1,028.00 

1,086.00 

988.00 

970.00 

999.00 

1,007.00 

1,009.00 

1,010.00 

989.00 

1,008.00 

1,012.00 

996.00 

1,012.00 

1,081.00 

1,010.00 

1,018.00 

1,004.00 

988.00 

1,021.00 

1,014.00 
986.00 
997.00 
988.00 

1,008.00 
987.00 

1,000.00 

1,001.00 
980.00 
996.00 
980.00 
970.00 
988.00 
978.00 
941.00 
969.00 
969.00 
984.00 
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Stotlon,   7,070 

"         7,090 

"         7,149 

*•         7,160  (Chippewa  River) 

"         7,164 

'*         7,260 

"         7,820 

"  7,850 

"  7,870 

"  7,890 

"         7,408 

««  7.406 

•«         7,415 

««  7,426 

"  7,482 

"  7,490 

"  7,690 

"         7,608 

«*  7,680 

«'         7,646 

"  7,690 

'*  7,790 

•*  7,860 

**  7,910 

**  8,080 

•«         8,089  (Pomme  de  Terre  Blver) 

"         8,060 

«*         8.120 

«*  8,240 

•«  8,810 

••         8,870 

8,890 

8,420 

8.480 . 

8,600 

8,660 

8,680 

8,640 

8,700 

8,800 

8,850 

8,880 

8,980 

8,970 : 

8,994-6 

8,998-9,000 

9,008.  (Creek) 

9,008 

9,080 

9,060,  (8ec.  18,121.46) 

9,100 

9,110 

9,140 

(UBdalatloBS,  10-18  feet.) 

9,170 

9,190 

9,200.  (Opposite  foot  of  Big  Stone  Lake,  1}  ms.  SB.of  It) 
Big  Stone  Lake,  opposite  8ta.  9,816 


Above 
the  Ocean. 

Feet. 

981.00 

926.00 

988  XK) 

918.00 

981.00 

918.00 

984.00 

916.00 

918.00 

988.00 

926.00 

940.00 

982.00 

950.00 

941.00 

968.00 

974X)0 

991.00 

986.00 

969.00 

977.00 

98000 

997.00 

981.00 

986.00 

96000 

985.00 

994  00 

1,000.00 

986.00 

996.00 

1,017.00 

1,018.00 

987.00 

985.00 

991.00 

986.00 

1,002.00 

1.O12.00 

1,017.00 

1,088.00 

1,012.00 

1,016.00 

1,018.00 

978,00 

990.00 

965.00 

1,011.00 

1,017.00 

1,006.00 

1,041.00 

1,044.00 

1,068.00 

1,072.00 

1,079.00 

.     1,077.00 

988.60 
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BEPOBT  ON  THE  GENEBAL  MUSEUM. 


CONTAINING  THE  COLLECTIONS  OP  THE  GEOLOGICAL 
AND  NATURAL  HISTORY  SURVEY  FOR  1876. 


BY  N.  H.  WINCHELL.  CURATOR. 


The  Maseum  of  the  State  University,  at  Minneapolis,  is  designed 
to  exemplify  to  the  people  of  the  State  the  natural  resources  of  the 
Stat6  of  Minnesota,  so  far  as  the  same  are  covered  by  the  investi- 
fiCations  ordered  by  the  law  creating  a  geological  and  natural  history 
survey.  It  is  also  designed  to  afford  to  the  students  who  may 
avail  themselves  of  the  instruction  offered  by  the  University,  the 
means  of  illustration  needed  in  the  study  of  the  Natural  Sciences. 
In  addition  to  the  collections  directly  made  by  the  survey,  the  law 
orders  a  system  of  exchanging  with  other  institutions  with  a  view 
of  so  augmenting  the  number  of  specimens  on  exhibition  as  to  com- 
prise finally  a  tolerably  complete  series  of  the  different  species  and 
objects  of  interest  and  curiosity  that  are  afforded  by  the  Natural 
Sciences. 

Prior  to  the  commencement  of  the  Geological  and  Natural  His- 
tory survey,  there  was  a  nucleus  of  a  museum  already  in  existence 
in  the  University.  This  comprised  a  variety  of  objects,  many  from 
the  State  of  Minnesota,  and  others  from  foreign  localities.  The 
collections  that  have  accumulated  since  the  survey  began  have  been 
withheld  necessarily  from  exhibition  owing  to  the  lack  of  suitable 
room  with  proper  cases  and  fbmiture  for  their  exhibition  and  pre- 
servation. During  the  past  year,  however,  the  new  University 
building  having  been  substantially  completed,  room  has  been  set 
aside  for  the  museum,  and  a  set  of  cases  are  rapidly  approaching 
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completion,  suitable  for  the  reception  of  eome,  if  not  all,  of  the  col- 
lections that  belong  to  the  maseam. 

The  mammals  that  were  collected  in  the  Black  Hills,  mentioned 
in  the  last  statement  on  the  condition  of  the  museum,  have  been 
mounteil  by  Prof.  H.  A,  Ward,  of  Rochester,  New  York,  and  are 
only  awaiting  the  arrangement  of  the  room  to  be  set  up  in  the  Uni- 
versity. They  comprise  antelope,  male  and  female,  deer  with  young, 
elk,  elk  head,  badger,  grizzly  bear  with  young,  and  weasel.  The 
moose  which  was  secured  last  winter  has  also  been  mounted  by 
Prof.  Ward,  and  for  the  same  reason  is  not  on  exhibition.  It  ib 
kindly  kept  in  store  by  Prof.  Ward  till  our  rooms  are  ready.  This 
fine  specimen  was  killed  in  December,  1874,  by  Peter  Young, 
C'  Wild  Pete,")  in  the  east  part  of  Otter  Tail  county,  on  the  north 
end  of  Parker's  Prairie,  after  having  been  pursued,  about  five  miles. 
He  was  seen  about  a  mile  away,  coming  toward  the  hunter,  on  a 
trot,  and  passed  within  six  rods  of  him.  The  first  shot  put  a  ball 
through  his  throat,  but  it  required  four  or  five  more  to  bring  him 
down.  He  was  billed  as  freight  to  St.  Paul,  after  the  entrails  were 
removed,  with  a  weight  of  590  pounds.  His  flesh  and  bones,  with- 
out the  neck  and  lower  leg-bones,  weighed  465  pounds.  The  spe 
cimen,  as  mounted,  is  pronounced  one  of  rare  size  and  perfection. 
In  procuring  and  caring  for  this  moose,  before  he  was  sent  to  Prof. 
Ward,  Messrs.  Wm.  A.  Van  Slyke  and  Merrill  Ryder,  both  of  St. 
Paul,  rendered  much  assistance. 

In  August  the  generosity  of  a  few  citizens  of  Minneapolis  aided 
the  Board  of  Regents  to  make  the  purchase  of  a  fine  set  of  Prof. 
Ward's  casts.  These  are  in  plaster  of  pans,  and  are  of  life  size, 
and  will  give  the  rooms  assigned  to  the  Museum  a  very  attractive 
appearance.  The  contributors  to  this  fUnd  were  the  following  gen- 
tlemen : 

Judge  9.  S.  Jones 960  00 

Gov.  J.  S.  Plllsbury 100  00 

Hon.  L.  Botler •.... 160  00 

Dr.H.  H.KlnibaU 10  00 

B.  J.  Mendenhall 10  00 

Hon.E.  M.  Wilson 10  00 

Hon.  R.  B.  Langdon 50  00 

Hon.  H.  T.  Welles 60  00 

8.  C.  Qale,  Esq 25  00 

Cbnte  Brothers 10  00 

Judge  Isaac  Atwater 15  00 

D.  8.  Story 5  00 

Jonathan  Chase 100  00 
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Anthony  Kelly 5  OO 

Wyman  Elliott 5  oo 

Thomas  Lowiy • 25  00 

Hon.  A.  M.  Reid • 25  00 

Hon.  Paris  Gibson  25  00 

The  ftiU  cost  of  the  set  was  $1,500.    It  embraces  the  following 
specimens : 
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LIST  OF  WABD'S  CASTS  OF  FOSSILS  IN  THE 
UNIVEBSITY  MUSEUM. 


VERTEBRATA. 

MAMMALIA. 
[NoTB.— The  Dambers  prefixed  are  those  of  Prof.  Ward's  Catalogue.] 

2.    Homo Bngis  Cayern,  Belgium. 

Pleistocene. 

4.    Homo Gnadalonpe. 

,  Modern  Concretionary  Limestone. 

4.  (C.L.)  Mesoplthecos  Pentellcl.     Wagner PikermI,  Greece 

Upper  Miocene. 

7.  (C.  L.)  Machalrodns  cuUridens.     Cuv Plkermi,  Greece. 

Upper  Miocene. 

11.    Hyana  exirnia.     Wagner PikermI,  Greece. 

Pleistocene. 

15.  Amphicyon  major.    Lartet Sansans,  S.  France. 

Miocene  Tertiary. 

16.  Ursns  spelaMis.    Blum,  (sknll.) Cave  of  Gallernenth,  Bavaria. 

Quaternary. 

17.  Ursns  spelsns.    Blumt  (pair  of  molars) .  Cave  of  Gailenreoth,  Bavaria. 

Quaternary. 

18.  Ursns  spelsus.  Blum,  (canine  tooth.)..  Cave  of  Gailenreuth,  Bavaria. 

Quaternary. 

19.  Gulo  spelsus.      Qoldf. Cave  of  Gailenreuth,  Bavaria. 

Quartemary. 

20.  Trogontherium  Cuvieri.    FUdi, Ostend,  Bngland. 

Pliocene  Tertiary. 

21.  Castoroides  Ohioensis.    Ibater Clyde,K.T. 

Pleistocene. 

28.    Megatherium  Cuvieri.    Demn Buenos  Ayres,  S.  A. 

Pampean  Formation. 


Digitized  by 


Google 


SUBVBT  OF  MINNESOTA.  127 

86.    Megatheriam  Cnvieri.    Detm.  (tooth.) Buenos  Ayres,  S.  A. 

Pleistocene. 

84.  Megalonyx  Jeffersonll.    Harlan Henderson,  Ky. 

Pleistocene. 

85.  Megalonyx  Jeffersonil.    Harlan Care,  West  Virginia. 

Pleistocene. 

86.  Glyptodon  ty pns.    Nodat Pampean  Deposit,  Bn^nos  Ayres. 

Pleistocene. 

41.    Glyptodon  reticnlatas.    Ow^n.  (caadal  armor.) Bnenos  Ayres. 

Pleistocene. 

48.    Glyptodon  clavipes.     Owen,  (rednced.) Bnenos  Ayres. 

Pleistocene. 
84.    Bootheriom  cavifrons.    Leidy Ft.  Gibson,  Indian  Territory. 

Pleistocene. 

68.  Bootheram  bombilrons.    Leidy Big-bone  Lick,  Ky . 

Pleistocene. 

57.  Oreodon  Cnlbertsonii.    Leidy . .  1 ManTalses  Terres,  Neh. 

Miocene  Tertiary. 

89.    Anoplotherlum  commone.     Cut; Montmatre,  Paris. 

Eocene  Gypsom. 

60.  Anoplotherinm  commune.    Cuv.  (right  forefoot).. Montmatre,  Paris. 

Eocene  Tertiaiy. 

61.  Anoplotherinm  commnne.     Cvv.  (left  hindfoot)... Montmatre,  Paris. 

Eocene  Tertiaiy. 

69.  Chosropotamus  Parisiensis.    Jym,  (sknll) Montmatre,  Paris. 

Eocene  Tertiaiy. 

71.  Anthracotherium  magnnm.     Cuv Anyergne,  France . 

Miocene  Tertiary. 

72.  Lophlochaems  splendens St.  Albans,  France. 

Miocene  Tertiary. 

78.    Hippohyns  Sivalensis.    Falc,  and  CatU Sewalik  Hills,  India. 

Miocene  Tertiary. 

78.  Hippopotamus  miyjor.    Cfuv,  (right  tnsk.> 

79.  Hippopotamus  mijor.    Cfuv.  (left  hind  foot) Auvergne,  France. 

Pliocene  Tertiary. 

80.  Equus  namadlcus.    JMc.  and  CatU Sewalik  Hills,  India. 

Miocene  Tertiary. 

58.  Hipparion  elegans.    Chrietol Concurron,  France. 

Lower  Pliocene. 

87.  Anchitherium  Aurelianense.    <?«ro St.  Alban,  France. 

Upper  Miocene. 
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89.  Rhinoceros  plal^rhinas.    FaOe.  and  Oaut.  • Sewalik  HiUfl»  Ind. 

Miocene. 

90.  Rhinoceros  palslndlcus.    FcOc,  and  CatU Sewalik  Hills,  India. 

Miocene  Tertiary. 

96.    Rhinoceros  plenroceros,  (lower  Jaw) Qannat,  France. 

Miocene  Tertiary. 

99.    Rhinoceros  Merkil.    Kaup Steinhelm,  Wlrtemberg. 

Miocene  Tertiary. 

100.    Rhinoceros  incislTns.    Ouv. ,  (upper  incisor) Stelnheim,  Ger. 

Miocene  Tertiary. 

102.    Tapiros  Avernensis.     Oroiz  and  Job .Anyergne,  Central  France. 

Pliocene  Tertiary. 

108.  Taplrns  Avernensis.     Croi»,  and  Job Anrergne,  France. 

Plocine. 

104.  Lophiodon  Parlsiense.    Chrv Paris,  France. 

Eocene  Tertiary. 

105.  Pliolophus  vnlpiceps.    Owen .* England. 

London  Clay  (Eocene.) 

106.  Palsotherlum  crassnm.    Ouv Montmartre,  Paris. 

Eocene  Gypsnm. 

109.  Palaotheriom  crassnm.    Onv •  •  Montnrartre,  Paris. 

Eocene  Gypsnm. 

Ill .    Palsotherinm  crassnm.    CTuo.,  (left  hind  foot) Paris,  France. 

Eocene  Tertiary. 

1  ]  8.    Dlnotherlnm  glgantenm .    Kaup Eppelsheim,  Rhine  Talley . 

Miocene  Tertiary. 

118.  Dlnotherlnm  levins,  (npper  Jaw,  left  ramns) St.  Albans,  France. 

Miocene  Tertiary. 

119.  Dlnotherlnm  levius,  (npper  Jaw) St.  Albans,  France. 

Miocene  Tertiary. 

124.    Dlnotherlnm  glgantenm.    Kaup St.  Jean  le  Vleux,  France. 

Miocene  Tertiary. 

182.    Elephas  prlmigenins.    Blum • ^ Llppe,  Prussia. 

Pleistocene. 

188 .    Elephas  prlmigenins.    Blum Dept.  of  Aln,  France. 

Pleistocene. 

186.  Elephas  intermedins,  (molar.) River  Saone,  France. 

Pleistocene. 

187.  Elephas  intermedius,  (molar.) St.  Gtormain,  France. 

Pleistocene. 

188.  Elephas  mer idionalis.    NeHi Basses  Alpes,  France. 

Pliocene  Tertiary. 
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142.    ElephM  AmericaniftB.    Dekay Homer,  (Tortland  Co .,  N.  Y. 

Pleistocene. 

148.    BlephM  Americanns.    DtKay St.  Catbarlnes*  Q.  W. 

Pleistocene. 

155.    Mastodon  giganteas.    Cmv.  (molar) Big  Bone  Lick,  Ky. 

Pleistocene. 

169.    Mastodon  longirostris.    Kavp.  (molar) Lyons,  Prance. 

Miocene  Tertiary. 

169.    Mastodon  longirostris.   Kaup.  (task  of  lower  Jaw).  ..Lyons,  Prance. 

Miocene  Tertiary. 

171.    Mastodon  giganteas.    Cuv St.  Catharines,  C.  W. 

Pleistocene. 

176.    Zeaglodon  cetoldes.    Owen,  (two  teeth) •  •  • .  Claiborne,  Ala. 

Bocene  Tertiary. 

178.  Rhlzoprion  Schinzi,  (head.) Central  Prance. 

Miocene  Tertiary. 

179.  Balaenodon  gibbosas.    On.  (tympanic  bones) Soffolk,  England. 

Pliocene  Tertiary. 

18 1.    Dlprotodon  Aostralis.    Owen Darling  Downs,  Anstralia. 

Pleistocene.  I 

AYES. 


184.    Didos  ineptns,  (head) Manritias. 

Allnvlam. 

186.    JBpiornis  maximas.    8t.  JK2.  (egg) Madagascar. 

Pleistocene. 

186.    JBpiomis  maximas.    St,  JERi.  (metatarsal) • Madagascar. 

Pleistocene. 

188.  Palapteryx  Ingens.    On,  (right  foot) New  Zealand. 

Pleistocene. 

189.  Broniozooam  gigantam.    BUeh,  (tracks) Northampton,  Mass. 

Lias. 

192.    Brontozooam  SiUimanlam.    JXfc.  (tracks) Middletown,  Conn . 

Lias. 


RBPTILIA. 

196.    Polemarchas  gigas.    Hk,  (track) Chlcopee  Falls,  Mass. 

Lias.? 

149.  (C.L.)  Igaanodon  Mantelli.    Jfsyer IsleqfWight. 

Wealden. 
17 
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01 1 .    Ichthyosaaras  commanls.    Conyb Lyme-RegiB,  England. 

Lias. 

812.    lehthyosanras  cammnnis.    Conjfb,  (head) Barrow-oii*8oar»  Bug. 

Lias. 

dl8.    Icbthyosanras  comfkiHiils.    Conph.  Chead) Lyme-Begia,  Eng. 

Lias. 

S14.    Ichthyosaurus  oommnnis.    Oonpb.  (paddle) Boll,  Wirtembeig. 

Lias. 

319.    Ichthyosauros  platyodon.    Oonyb. Lyme*Eegis,  BBg. 

Lias. 

220.    Ich thy osanros  tenairostr is.     Conpb Boll,  Wirtemberg. 

Lias. 

222.    Ichthyosaaras  tenuirostris.    Oonyb Boll,  Wirtemberg. 

Lias. 

225.    Flesiosauras  dolichodeirus.    Oonyb Glastonbury,  Eng. 

Lias. 

227.    Plesiosaurds  macrocephalns.    Oonyb Lyme-Re^,  Eng. 

[  Lias. 

2S1.    PUosaums  brachydelrus.    Own.,  (paddle) Dorchester,  Eng. 

)  •  Upper  Oolite. 

!  288.    Pllosaurus  grandly.    Owen,  (tooth) Dorchester,  Eng. 

0  Upper  Oolite. 

287.    Placodus  gigas.    Agaas Lai  neck,  Bavaria. 

Muschelkalk  (Trias.) 
282.    Placodus  glgas.    Agasa Lalneck,  Bayaria. 

MuscheJlcalk  (Trias.) 

241.  Pterodactylus  crasslrostrls .    GoW Solenhofen,  Bavaria. 

Upper  Oolite. 

242.  Pterodactylus  rhamphastinas.     Wagner Solenhofen,  Bavaria. 

Middle  Oolite. 

247.    Crocodilus  biporcatus.    Out?,  (head) Sewalik  Hills,  India. 

Miocene  Tertiary. 
249.    Crocodlleimus  robnstus Dept.  ot  Ala,  France. 

Upper  Oolite. 

261.    Allgatorellus  Beaumontii Dept.  of  Ain,  France. 

Middle  Oolite. 

268.    Teleosanrns  Mandelslohi.    Btonn Holzmaden,  Wirtemberg. 

Lias. 

266.    Teleosaams  longipes.    Bronn 1 Boll,  Wirtemberg. 

Lias. 

266.    Teleosaams  Gadomensis.    8t.  mi.  (ventral  scales) . .  •  •  Caen,  France. 

Lower  Oolite. 
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36S.    HosaMBt^s  HoflDmaiini.    ManUU BfaMtrioht,  Hol^d. 

Upper  Chalk. 

268.    HonKBosanros  Maximillani.    Meyer Kelheim,  Bavaria. 

Middle  Oolite. 

270.    Saphnosaaras  latlceps.    Meyer Kelhelm,  Bavaria. 

Middle  Oolite.     ^ 

877.  Sauranodon  inclslvas Dept.  of  Aln,  France. 

Middle  Oolite. 

878.  Dicynodon  lacerticeps.    Owen Fort  Beaufort,  Cape  Colony. 

Trias. 

881.    Testudo  hemlspherica.    Leidy Manvalses  Terres,  Nebraska. 

Miocene  Tertiary. 

885.  Flearostemon  ovatum.     Owen 8 wanage,  England . 

Upper  Oolite. 

886.  Cbelonemys  ovata,  (ventral  sarface.) Clrln,  France. 

Middle  Oolite. 

287.    Chelonemys  plana,  (ventral  snrfttce.) Cirin,  France. 

Middle  Oolite. 

289.    HydropelU  Meyerl.    lyOrh Clrln,  France. 

Middle  Oolite.  * 

282.    Labyrlnthodon  J»gerl.     Owen Stnttgardt,  Wirtemberg. 

Kenper  (TriaiT.) 

297.  Andrias  Scbenchseri,  T»chudi CEnlngen,  Switzerland. 

Miocene  Tertiary. 

298.  Andrias  Tschndi.    Meyer Bott,  Bhlne  Valley. 

Miocene  Tertiary. 

225.    (C.  L.)    Cbeirotherinm  Barthi.    Kaup Jena,  Germany. 

Lower  Trias  (New  Bed  Sandstone.) 

299.  Bana  dllnvlana.    Goldf Bonn,  Bhlne  Valley. 

Miocene  Tertiary. 

302.    Pterodactyle  (restored.) Kent,  England, 

Chalk. 

808     Megalosanras,  (restored.) Oxfordshire,  etc.,  England. 

Oolite. 

804.    Igoanodon,  (restored.) Sussex  and  Kent,  England. 

Wealden. 

806.    Labyrinthodon,  (restored.) Cheshire,  England. 

Trias. 

806.  Icthyosavms,  (restored.) Somersetshire,  etc.,  England. 

Lias. 

807.  Pleslosanms  macrocephalas.    Cowyb.  (restored.)... Dorsetshire,  etc., 

Lias.  England. 


vjOvjvl 
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808.    Plesiosannis  dolichodelnis.    Oonyb.    (Restored.)  •••Somerfietshlie, 

etc.,  Bnglaiid. 
Lias. 


PISCES. 

809.    Holoptychlufl  nobilissimas.    Agass Clashbinnie,  Scotland. 

Old  Red  Sandstone. 

818.    Cephalaspls  Lyelll .    Aga8» Forfaiahiie,  Scotland. 

Old  Red  Sandstone. 

815 .  LepSdotns  maxlmus.     Wdgn Solenhofen,  Bavaria. 

Upper  Oolite. 

816.  Lepidotns  oblongns.    Agass Solenhofen,  Bavaria. 

Middle  Oolite. 

817.  Lepidotns  minor.    Agass Isle  of  Portland,  England. 

Upper  Oolite. 

820.  Microdon  (Pycnodns)  elegans.    Agass Kelheim,  Bavaria. 

Upper  Oolite. 

821.  Microdon  notabills.    Munst Kelheim,  Bavaria. 

Middle  Oolite. 

824.    Gy rodas  clrcnlaris.    Agass Solenhofen,  Bavaria. 

Upper  Oolite. 

828.    Megalarns  lepidotns.    Agass Solenhofen,  Bavaria. 

Lithographic  Slate  (Upper  Oolite.) 

880.  Sqnatina  acanthoderma.    Fraas Eichsidt,  Bav. 

Upper  Oolite. 

881.  Thanmas  alifer.    Munst. Eicshtadt,  Bavaria. 

Middle  Oolite. 

888.    Carcharodon Isle  of  Malta. 

Miocene. 

886.    Acrodns  nobilis.    Agass.  •  • .Lyme-Regls,  Eng. 

Lias. 

888.    Plycodns  decnrrens.    Agass Kent,  Eng. 

ChallL. 

842 .    Mestnrns  vermcosns.     Wagner : Eichstadt,  Bavaria, 

Middle  Oolite. 

844.    Ichthyodornlite,  (dorsal  spine) Lyme-Regis,  Eng. 

Lias. 

847.    Holocentmm  pygasam.    Agass Monte  Bolca,  Italy. 

Eocene  Tertiaiy. 

1201.    Coprollte  of  Fish ; Kent,  Bag. 

Lower  Chalk. 
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ARTIOULATA. 

CBUSTACBA. 


B68.    Bnoploclytea  Snssezieosis.    Mant.  (claw) Lewes,  Englaod. 

Lower  Chalk. 

354.    Bryon  proplDqaas.    Oermar Blchstadt,  Bavaria. 

Upper  Oolite. 

868,    Pemphyx  Snenrll.    JAyer Crallsheim,  Wirtemberg. 

Mnschelkalk  (Middle  Trias.) 

866.  Llmnlns  Walchli.    Desm Blchstadt,  Bavaria. 

Middle  Oolite. 

867.  Bnrlpteros  lacastris.    Harlan Williams ville,  N.  Y. 

Waterlime  Group,  (Upper  Silarian.) 

868.  Bnrypterns  lacustrls .    Harlan Willlamsville,  N.  Y. 

Waterlime  Oroop,  (Upper  Silariao.) 

872.    Pterygotns  A  nglicus.    Agass Forfarshire,  Scotland. 

Old  Red  Sandstone. 

878.    Asaphns  gigas.   i>a{ni.  (restored  from  fragments.) ..Adams  Co.  Ohio. 

Lower  Silurian. 

874.    Asaphns  gigas.    JOdlm Cincinnati,  Ohio. 

Lower  Silurian. 

880.    Asaphns  ezpansus.    Ddlm Motala,  Sweden. 

Lower  Silurian. 

882.    Asaphns  tyrannus.    Murch Bishop's  |Castle,  Wales. 

Llandeilo  Flags.  (L.  Sil.) 

884.    Asaphns  Barrandi.    Hall Platteville,  Wis. 

Trenton  limestone,  (L.  Silurian.) 

888.    Angelina  Sedgwicki.    MeCoy..... Garth,  Wales. 

Lower  Silurian. 

890.    Bnmastns  Barriensis.    Murch New  York. 

Niagara  Group. 

898.    Brontens  planus.    Barr Beraun,  Bohemia. 

Upper  Silurian. 

894.    Calymene  Blnmenbachii.    JBrongniart Dudley,  England. 

Upper  Silurian. 

896.    Calymene  Blnmenbachii.    Brong Dudley,  Bngland. 

Upi>er  Silurian. 

896.  Calymene  senaria.    Cenrad Cincinnati,  Ohio. 

Lower  Silurian. 

897.  Calymene  li^riceps.    IMm Motala,  Sweden. 

Lower  Silarian. 
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898.  Ceranras  plearexanthemos.    CHreen.    (partially  restored.) 

Lower  Silurian. 

899.  Ceraaras  plearexanthemos.    Green Ottawa  River. 

Trenton  limestone. 

400.  Chlrams  claviger.    Beyr Wesela,  Boh. 

Lower  SUarian. 

401.  Conocephalas  Snlzeri.    8Motk Qinetz,  Bohemia. 

Lower  Silarian. 

402.  Cychaspls  Clirystyi.    Ball Waldron,Ind 

Niagara  Group. 

405.    Dalmanla  caUitelee.    Qrten York,  N.T. 

Hamilton  Group. 

408.    Dalmania  micrurus.    Oreen Scholiarie  county,  N.  T. 

Lower  Helderberg. 

411.    Dalmania  nasotua.    dmrad Schoharie  county,  N.  T. 

Lower  Helderberg. 

414.  Dalmania  selenurua.    Eaton Aubum,  N.  T. 

Upper  Helderberg. 

415.  Dalmania  sociaiia.    Bom Bohemia. 

Lower  SUarian. 

417.    Dindy mene  Bohemica.    Barr Rokycan,  Bohemia. 

Lower  Silarian. 

421.  Harpes  ungula.    Barr Kroniepma,  Bohemia. 

Upper  SUarian. 

422.  Harpides  Grimmi.    Barr Przibram,  Bohemia. 

Lower  SUarian. 

428.    Homalonotus  delphinocephalus.    Murch Dudley,  England. 

Upper  Silurian. 

428.  Lichas  Boltoni.    Qr€m Lockport,  N.  T. 

Niagara  Group. 

429.  Lichaa  grandis.    Hall,  (head.) Schoharie  county,  N.  T. 

Schoharie  Grit,  (Devonian.) 
480.    Llcha6  grandia.    HalL  (pygldium  reversed.) ....  Schoharie  Co.,  N.  Y. 

Schoharie  Grit,  (Deyonian.) 

488.  Ogygia  Buchii.    Ooldf South  Wales. 

Lower  Silurian. 

486.  Oienellus  Thompsonl.    Hall Georgia,  Vt. 

Quebec  Group,  (Lower  Silurian.) 

487.  Paradoxides  Bohemlcus.    Boek :.  .Ginete  Bohemia. 

Lower  Silurian. 

489.  Pradoxides  Dayldis.    SaXtw St.  Darida,  Wales. 

Lower  Silurian. 
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U%.    Phacops  cephalotes.    C<n^ Tetin,  Bohemia. 

Upper  Silurian. 

IN8BCTA. 

451.    JBchna  eximla.    Sagen Solenhofen,  Bav. 

Lithographic  Llmestooe,  (Middle  Oolite.) 

ANNELIDA. 

454.  Vermetna  glgas.    Biv Astl,  Piedmont. 

Miocene  Tertiary* 

455.  Tentacnlitea  elongatna .    MbM Schoharie  Co.  N.  Y. 

Lower  Helderberg. 


MOLLUSOA. 


CEPHALOPODA. 

456.  Belemnlte9  Owenl.    PraU^  (guard) Christian  Malford,  England. 

Upper  Oolite. 

457.  Belemnites  O went.    PraU Christian  Malford,  England . 

Upper  Oolite. 

458.  Belemnites  gigantens.    SeJUoih Ehnlngen,  Wirt. 

Lias. 

46 1 .  Belemnites  acnarins.    Schloth Whitby,  England 

Lias. 

462.  Belemnites  lateralis.    PhU,  (guard.) Yorkshire,  Eng. 

Cretaceous. 

468.    BelotenthlB  subcostata.    MunH Holzmaden ,  Wirt. 

Lian. 

467.  Ammonites  armatus.    Saw Charmouth,  Eng. 

Lias. 

468.  Ammonites  Aon.    Munsi St.  Cassian,  Austria. 

Trias. 

472.  Ammonites  Batesi.     Trask ShasU  Co.,  California. 

Cretaceous. 

473 .  Ammonites  bisulcatus.    JBmg Bautenberg,  Brunswick. 

Lower  Lias. 

475.  Ammonites  Blagdeni.    Sow Dorsetshire,  England. 

Lower  Oolite. 

476.  Ammonites  Blrchll.    Saw i  •  •  •  •  Charmouth,  England . 

Lias. 
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477.  Ammonites  Bechei.    8ovt • Ohannoatb,  England. 

Lias. 

478.  Ammonites  Brongniarti.    Sow Yeovil,  England. 

Lower  Oolite. 

484.  Ammonites  cordatus.    Saw Calvados,  France. 

Middle  Oolite. 

485.  Ammonites  cordatns.    Sow Calvados,  Franee 

Middle  Oolite. 

487.    Ammonites  coronatos.    Brug Villere,  France. 

Middle  Oolite. 

490.  Ammonites  flmbriatus.    Sow Charmonth,  England. 

Middle  Lias. 

491.  Ammonites  flmbriatns.    Sow Charmontb,  Bng. 

Middle  Lias. 

492.  Ammonites  gigas.    Zieten Yonne,  France. 

Upper  Oolite. 

495.    Anunonites  Goliathas.     IXOrb Dives,  France 

Middle  Oolite. 

497.  Ammonites  Henleyi.    Sow Charmonth,  England. 

Lias. 

498.  Ammonites  Herveyi.    Sow VlTilts,  England. 

Middle  Oolite. 

500.  Ammonites  heterophyllns.    Sow Rentlingen,  Wixtembeig. 

Lias. 

501.  Ammonites  Hamphriesianas.    Sow Yeovil,  England. 

Lower  Oolite. 

502.  Ammonites Calvados,  France. 

Middle  Oolite. 

508.  Ammonites  interrnptns.    Brug St.  Florentin,  France. 

Cretaceous. 

504.    Ammonites  interraptns.    Park France. 

Gaolt  (Cretaceons). 
^05.    Ammonites  Jason.    Bein Cliristlan  Malford,  Eng. 

Middle  Oolite. 

509.  Ammonites  llnguiferus.     jyOrh Calvados,  France. 

Lower  Oolite. 

511.    Ammonites  macrocephalus.    ScMoth Wiltshire,  England. 

Middle  Oolite. 

515.    Ammonites  margarltatus.    Mum Charmonth,  Eng. 

Lias. 

518.    Ammonites  MiUeslanns.    D'Orh Ronen,  France. 

Chalk. 
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619.    Ammonites  modiolarls.    Luid WUUilitre,  England. 

Middle  Oolite. 

521 .    Ammonites  obtudos.    Sew Gharmonth,  Bngland. 

Lower  Llaa. 

588.    Ammonites  peramplns.    Mant Qermany. 

Chalk. 

525.    Ammonites  planicostatus.    Saw Dorset,  England. 


527.    Ammonites  rarlcostatns.    ZUt Cbarmoath,  England. 

Lias. 

529.    Ammonites  Bhotomagensls.    Brong Bonen,  France. 

Chalk. 

581 .    Ammonites  serpentlnas.    SdUoth Boll,  Wirtemberg. 

Lias. 

586.  Ammonites  Woollgari.    Mant Sussex,  England . 

Chalk. 

587.  Ammonites  Woollgari.    MatU Sussex,  England. 

(Enlarged  ttom  686.) 

588 .  Ammonites  glgas.    Ziet.    (Enlarged  from  492. ) Yonne,  France. 

Upper  Oolite. 

589.  Ancyloceras  Andoull.    Astier Cheiron,  France. 

Cretaceous  Greensand. 

540.  Ancyloceras  Bmerlci*    lyOrb Barreme,  France. 

Upper  Neocomian,  (Qretaceous) 

541.  Ancyloceras  gigas.    Sow Atherfleld,  Isle  of  Wight. 

Cretaceous  Greensand. 

548.    Ancyloceras  TabareUi.    Astier Barreme,  France. 

Cretaceous. 

546.  Baculites  anceps.    Lam France. 

Chalk. 

547.  Ceratltes  nodosos.    DeSaan LuneviUe,  France. 

Muschelkalk,  (Trias.) 

561.  Crioceras  biAircatus.    Qitentt Bentlingen,  Wirtemberg. 

Jurassic. 

562.  Crioceras  Duvalii.    Lev EscragnoUes,  France, 

Neocomian  (Cretltceous.) 

568.    Goniatites  expansus.     Vanux Manlius,  N.  T. 

Goniatite  limestone  (Devonian.) 

564.    Goniatites  ixion.    Ball Bockford,  Ind. 

Carboniferous. 

566.    Hamites  attenoatus.    Sow,  >• Folkestone,  England. 

Ganlt  (Cretaceous.) 
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5ft7.    Hamites  Astierianos.    D*Orh Barreme«  Franee. 

Keocomian  (Cretaceous.) 

65S,    HamlteB  (Hamulina)  clnctos.)    jyOrh Barreme,  France. 

Upper  Neocomian:  (Cretaceoas.) 

663.  Scaphites  Ivanli.    Fuzos Barreme,  France. 

Lower  Greenaaod. 

664.  Scaphites  compressos.    Bom Haldem,  Westphalia. 

Chalk. 

666.  Tozoceras  obliqaatam.    lyOrb Escragnolles,  France . 

Greensand  (Cretaceous.) 

667.  Torrllltes  costatus.    Lam Rouen,  France. 

Chalk  Marl  (Lower  Cretaceoas.) 

669.    Nautilus  hldorsatus.    Schloth Brunswick,  Germany. 

Muschelkalk  (Trias.) 

678.    Nautilus  Neocomensis.    P'Orb Bscragnolles,  France. 

Neocomian  (Cretaceoas.) 

674.    NautUtts  pseudo-elegans.    UOrh Bouen,  France. 

Chalk. 

676.    Nautilus  semlstrlatus.    lyOrb « -  Chaimonth,  Bng. 

Lias. 

678.  Nautilos Channonth,  Bng. 

Middle  Lias. 

679.  Nautllas * Kentucky. 

Carboniferous  ? 

680.  Lituites  undatus.    Conrad MiddleYiUe,  N.  Y. 

Black  River  limestone,  (L.  Sil.) 

682.    Dlscites  ornatus.    Sail Manlins,  N.  Y. 

Goniatite  limestone,  (Devonian.) 

686.    Orthoceras  ampllcameratum.    HcUl MlddleviUe,  N.  Y. 

Trenton  Limestone,  (Lower  Silurian.) 

686.  Orthoceras  crebrum.    Sam Eifcl,  Rhine  Valley. 

Devonian. 

687.  Orthoceras  inequale.    Barr Butowita,  Bohemia. 

Upper  Silurian. 

692.    Gomphoceras  inflatum.     Quenst Blfcl,  Bhine  Valley. 

Devonian. 

697.  Phragmoceras  subventricosum.    jyA  and  De  V.  .Eifel,  Rhine  Valley. 

Devonian. 

698.  Cyrtoceras  macrostomum.    Hall Mineral  Point,  Wis. 

Trenton  Limestone  (L.  Sil.) 

699.  Cyrtoceras  corbulatum.    Barr Bohemia. 

Upper  Silurian. 
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600.    Cyrtoceras  elongatom.    Barr Beraan,  Bohemia. 

Upper  Silvrian. 

602.    Oy roceras  trtyolyis.    Oonrad Schoharie  county,  N.  Y. 

Upper  Helderberg,  (Devonian.) 

604.  Gyroceras  ezpansom.    8csm Cazenovia,  N  Y. 

Hamilton  Gronp. 

605.  Gyroceras  Blfelense.    I/Arch Eifel,  Rhine  Valley. 

Devonian. 

OASTSBOFODA. 

608.  Uosteliar la  carinata.    Mant Folkestone,  E  ngland. 

Ganlt.  (Cretaceous.) 

609.  Pyrola  melongena.     Grateloup Saucats,  France. 

Miocene  Tertiary. 

611.    Fasns  longaevas.    Lam Bracklesham,  England. 

Eocene  Tertiary. 

619.  Cerlthinm  giganten^a.    Lam Damery,  France. 

Eocene  Tertiary. 

620.  Cerlthiam  giganteam.    Lamy  (inner  cast) Vaagirard,  France. 

Eocene  Tertiary. 

621.  Cerithium  cornncopin.    Sow Contentin,  France. 

Eocene  Tertiary. 

624.    Enomphalns  rugosas.    Sow Dudley,  England . 

Upper  Silurian. 

683.  Capulas  elegans.    Barr Bohemia. 

Upper  Silurian. 

684.  Capnlus  robustus.    Barr Zochkow,  Bohemia. 

Upper  Silurian. 

637.    Dentalium  Noe,    Bon Atotezan,  Piedmont. 

Pliocene  Tertiary. 

LAMELLIBRANCmATA. 

647.  Ostreafrons.    Park Boyan,  France. 

Chalk. 

648.  Ostrea  Santonensis.    lyOrh Boyan,  France. 

Chalk. 

650.    Gryphca  arcuata.    Lam Semur,  France. 

Lias. 

661.    Exogyra  columba.    Goldf Boussa,  France. 

Cretaceous. 

652.    Exogyra  costata.    Morton Perry  Co.,  Alabama. 

Cretaceous. 
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668.    BadioUtes  craterlformis.    lyOrh Boyan,  France. 

Chalk. 

6fM).    8ph»ralit68  Boarnoni.    Dttm Dordonge,  France. 

Chalk. 

661.    Sphnralites  calceololdes.    Degm Dordogne^  France. 

Chalk. 

668.    Caprlaa  adyersa.    lyOrb Charente,  France. 

Chalk. 
664.    Avicula  flabella.    Oonrad Onondaga  Co.,  N.  T. 

Hamilton  Orotip  (Deronlan.) 

670.  Pterlnea  radians.     Oonrad Casenovia,  N.  Y. 

Hamilton  Group  (Devonian.) 

671.  Posldonla  aWeata.    Conrad Sherburne,  N.  Y. 

Hamilton  Gronp  (Devonian.) 

672.  Megambona  cordiformls .    Hall Onondaga  Co.,  N.  Y. 

Corniferoas  Limestone  (Devonian.) 

676.    Hippopodlum  ponderosnm.    Sow* .», Cheltenham,  Eng. 

Lias. 

679.    Trlgonia  costata.    Park (Bschlngen,  WirU 

Lower  Oolite. 

688.  Modlola  pUcata.    Sow Bendoomb.  Bug. 

Oolite. 

686.    Thracla Thebes,  Egypt. 

Cretaceous. 

689.  Teredlna  personata.    Lam Mt.  Bemon,  France^ 

Eocene  Tertiary. 


BBACHIOPODA. 


690.    Splrlfer  plngnls.    Sovo DubUn,  Ireland. 

Carboniferous  limestone. 

696.    Splrlfer  oxypterls.    Burv Carlgnan,  France. 

Lias. 

706.    Terebratula  grandls.    Blum • Bnnde,  Westphalia. 

Miocene  Tertiary. 

716.    Terebratula  intermedia.    Sow Calvados*  France. 

Lower  Oolite. 

766.    Productus  giganteus.    Martin • DerbyBhire,  England. 

Carboniferous. 
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RADIATA. 

BGUINODERMATA. 

763.    GidariB  cor^nata.    Goldf Nattheim,  Wlrtemberg. 

Coral  Crag  (Middle  Oolite.) 

776.    Hemf cidaria  intermedia.    FUm Wiltshire,  Bngland. 

Oolite. 

781.    Palaechinna  moltlpora.    Nor,  and  0 St.  Loais,  Mo. 

St.  Loais  Limestone  (Carboniierons.) 
802.    Kchinobrlssas  clanicnlaris.    Blainv Strond,  England. 

Lower  Oolite. 
814.    Clypaeaster  nmbrella.    Agass Sardinia. 

Miocene  Tertiary. 

821 .    Discoidea  cylindrica.    Agass Rouen,  France. 

Chalk  Marl  (Cretaceous.) 

825.    Oalerites  albo-galems.    Lam Kent,  England. 

Upper  Chalk. 

888.    Dictyophyton  tuberosum.    Sail Steuben  county,  N.  Y. 

Chemung  (Upper  Devonian.) 

842.    Hemipneustes  radiatus.    Agaas Maestricht,  Holland. 

Upper  Chalk. 

847 .    Micraster  cor-anguinum .    Aga$$ Kent,  England. 

Chalk. 

860.  Ophioderma  Egertoni.    Brodertp Lyme-Regis,  England- 

Lias. 

861 .  Ophioderma  Egertoni.    Brod Lyme-Regis,  Eng. 

Lias. 

868.    Solastor  Moretonlfi.    Forbes Gloucestershire,  Bngland. 

Great  Oolite. 

898.  Apiocrittus  Parklnsoni.    Schloth Bradford,  Eng. 

Great  Oolite. 

899.  Apiocrinns  Parkinson!.    ScMoth Bradford,  Eng, 

Oolite. 

901.    Aplocrlnus  Parklnsoni.    ScMoth Bradford,  Eng. 

Oolite. 

904.    Astrocoma  Cirini Oirln,  France, 

Lithographic  Limestone  (Middle  Oolite.) 

911.    Crotalocrinus  rugosus.    Miller Dudley,  England. 

'  Upper  Silurian. 

917.    Bncrinus  liliiformis.    Sehloth BrunsiHck,  Germany. 

Muschelkalk  (Middle  Trias.) 
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918.  Encrinas  liliiformls.    Sohloth Branswick,  Ger. 

Maschelkalk,  (Trias.) 

919.  £ncriBQ8  liliiformls.    ScMoth Branswick,  Ger. 

Moschelkalk,  (Trias.) 

942.    PeDtacriBUS  sabanguiaris.    MUler BoU,  Wirtemberg. 

Lias. 

948.    Pentacr Inus  sabanguiaris.    Miller BoU,  Wirtemberg. 

Lias. 

947.    Poriechocrinas  moniliformis.    Miller, Dadler,  £Bg* 

Upper  Silarlan. 

968.     IMatycrintts  Sarae.    Hall St.  Loais,  Mo. 

St.  Loais  Limestone  (Carboniferous.) 

964.    Pterocoma  pinnata.    Aga8S Solenbofen,  Bavaria. 

Middle  Oolite. 

ACALBPHAE. 

968.    Oraptollthas  octobrachiatas.    Hall. 

Lower  Silurian. 


PROTOZOA. 

RHIZOPODA. 

966.    Amphlstegina  vnlgaris.    ly  Orb Bordeaux,  Prance. 

Miocene  Tertiary^ 

968.    Fasnllna  cylindrlca.    jyOrb Ohio  and  Nebraska. 

CarbonlflBrons. 

999.    Cassldolina  serrata Austria. 

Miocene. 

1002.    Clavollna  commanis.    l/Orb Nassdorf,  Austria. 

Pliocene. 

1007.    Olobigerina  buUoldes.    ITOrb. 

Miocene;  Austria. 
Pliocene;  Italy. 
LiTing;  Adriatic. 

1015.    Proroporus  complanatus.    Hems. 

Oaolt. 

1086.    Siderolina  calcitrapoides.    Lam. Maestrichio  Hollasd. 

Chalk. 

1089.    Siphonina  retiealata.    Beuss • Oermany. 

I  Miocene. 

I 
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1048.  Textoloria  connlos.    Beus*. 

*  Upper  Chalk. 

1047«    TextQlaria  papoides Meadon,  Fraoce. 

Upper  Chalk. 

1049.  Textalariaspinolosa.    Beu»$ » Germaoy. 

Miocene  Tertiary. 

1069.    Cristellaria  casBis.    JPieht Sienna,  lUly. 

Pliocene. 

1077.    Olobnlina  gibba.    l/Orb I . .  France  and  Adriatic  Sea. 

Tertiary  and  LiTlng. 

1094.    Nodosaria  inflaU.    Beuss. 

Upper  Chalk. 

1097.  Nodosaria  oblonga.    Beuss. 

Eocene  Tertiary. 

1098.  Nodosaria  radlcnla.    Lam, 

Ganlt  (Cretaceous.) 

1188.    Orbitolites  macropora.    Lam .Maestrict,  Holland. 

Chalk. 

1160.  Spirolina  cylindrica.    Lam Paris,  France. 

Eocene  Tertiary. 

1161.  Vertebralina  nitida.    lyOtb Grlgnon,  France. 

Eocene  Tert.lary. 


poRmntA. 

1164.    Amorphospongia  Franklin  county,  Ky. 

Lower  Silurian. 

1 166.    CcBloptychlam  agaricoides.    Ghldf, Haldem,  Westphalia. 

Chalk. 

1166.    Placoscyphia  meandroides.    Leym Kent,  England. 

Cretaceous  Greensand. 

1168.    Polypothecia  dichotoma.    Ben Warminster,  England. 

Cretaceous  Greensand. 

1172.    Scyphia  polyommata.    Goldf Streitberg,  Wirtemberg. 

Middle  Oolite: 

1184.    Siphon ia  coHtata.    Lam Warminster,  England. 

Cretaceous  Greensand. 

1 1 77.    Siphonia  py riformis.    Goldf Blackdown,  England . 

Upper  Greensand  (Cretaceous.) 

1186.    Tentriculites  Blrdllngton,  England. 

Chalk. 
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MISOXIXANSOUS. 

1204.    Cyeadoides  megalophylia.    BuckU    (Trunk  of  a  short  cycad.    Isle 

of  Portland,  Bogland. 
Wealden. 

1206.  Dammarites ,  (conifer. ) Burton,  Somerset,  England. 

Inferior  Oolite. 

1207.  Nipadites  Bortini.    Brong Schaerbeck,  Belginm. 

Eocene  Tertiary. 

1212.  Welcome  Nngget  (gold) Ballarat,  Australia. 

1216.  Platinum  Nngget Ural  Mts.,  Siberia. 

1287.  Rosetta  Stone Rosetta,  Lower  Egypt. 

1245.  Bust  of  LinnsBUS,  life  size. 
1247.  Bast  of  CuTier,  life  size. 

1246.  Bust  of  Geoin*oy  St.  Hilalre,  life  size. 
Bust  of  Huxley,  life  size. 
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ERHATA* 


Page  15»  11068  8  and  4  flrom  top,  for  yalUea  read  vdUeffs, 

Page  15,  line  U  ftom  bottom,  for  Ttrenton  read  TrmUon. 

Page  88,  line  9  Arom  bottom,  for  contlnlons  read  continuous. 

Page  41.  line  2  flrom  bottom,  after  seen,  insert  if  restored. 

Page  51,  line  6  Arom  bottom,  for  McYee  read  McNee. 

Page  58,  line  18  Arom  top,  for  M.  read  A. 

Page  58,  line  8  flrom  bottom,  for  Shnnard  read  Shwnard. 

Page  87,  line  6  from  top,  for  tickest  read  thickest. 

Page  108,  line  8  from  top,  for  knoles  read  knolls. 

Page  115,  line  18  from  top  for  charactenes  read  ckaracterises. 
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graveUy  drift  at • 60 
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Dodge  county,  area  of,  by  townshipB ft 

drainage  of 97 
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The  Universitt  of  Minnesota,  ) 

Minneapolis,  Minn,,         > 

December  81,  1876.      ) 

To  the  President  of  the  University : 

Deab  Sib  : — I  have  the  honor  to  offer,  and  to  transmit  through 
yon  to  the  Board  of  Regents  of  the  State  Uniyersity,  the  Annual 
Report  required  by  law  on  the  progress  of  the  Geological  and  Nat- 
ural History  Survey  of  the  State,  being  the  fifth  since  the  beginning 
of  the  survey. 

Very  respectfully. 

Your  obedient  servant, 

N.  H.  WINCHELL. 
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REPORT. 


I. 

SUMMARY  STATEMENT. 


The  field  work  of  the  survey  was  continued  during  a  portion  of 
the  season  of  1876,  in  the  southeastern  portion  of  the  state,  where 
the  county  of  Houston,  which  borders  on  the  Mississippi  river, 
was  examined  in  detail,  and  is  herewith  reported,  with  the  necessary 
maps  and  diagrams.  Later  in  the  season  the  county  of  Hennepin 
was  surveyed  in  the  same  manner.  It  was  hoped  that  by  an  exam- 
ination of  these  two  counties,  the  latter  of  which  embraces  th0 
interesting  locality  of  the  Falls  of  St.  Anthony,  which  have  receded 
several  miles  up  the  Mississippi  from  the  point  at  which  they  ex- 
isted in  earlier  geological  ages,  some  new  light  would  be  thrown 
on  some  of  the  problems  that  invest  the  history  of  the  drifb,  and 
which  have  presented  themselves  in  new  phases  in  the  counties  of 
Fillmore  and  Houston.  In  the  detailed  reports  on  Hennepin  and 
Houston  counties  these  problems  are  briefly  discussed,  in  the  light 
of  such  facts  as  we  possess.  In  the  further  examination  of  the 
region  of  the  Falls  of  St.  Anthony,  which  embraces  parts  of  the 
counties  of  Ramsey,  Washington  ad  Dakota,  the  remainder  of  the 
great  gorge  excavated  by  the  recession  of  the  falls  will  come  under 
careful  inspection.  Until  these  counties  are  surveyed  the  history 
of  this  excavation  cannot  be  given.  Some  progtess  has,  however, 
been  made  in  this  intei^ting  investigation. 

In  the  latter  part  of  August  an  examination  of  the  fossils  of  the 
Trenton  was  begun,  including  those  of  the  Galena  division.  This 
is  our  chiefly  fossiliforous  formation.  Favorable  opportunities  for 
collecting  fossils  from  the  Lower  Trenton  exist  at  Minneapolis  and 
at  St.  Paul.  Tolerably  full  collections  of  its  fossils  are  found  in  the 
possession  of*  the  survey,  which,  added  to  those  of  the  Academies 
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of  Science  at  St.  Paul  and  Minneapolis,  will  make  it  possible  to 
give,  finally,  a  pretty  good  description  of  the  Trenton  fauna,  as 
exemplified  in  Minnesota.  In  this  examination,  which  is  but  just 
begun,  there  have  been  identified,  at  least  provisionally — 

10  epecies  of  Cephalopoda. 
]  1  species  of  Gasteropoda. 

11  species  of  Brachlopoda. 

8  species  of  Polyp  Radiates. 
2  species  of  Crastacea. 
2  species  of  Protozoa. 

These  are  entirely  from  points  in  ike  southern  part  of  the  state. 
Several  species  have  been  met  with  that  cannot  be  identified  by 
iany  published  descriptions,  and  a  few  drawings  have  been  made. 

In  this  connection  should  be  mentioned  the  interesting  fact  that 
some  indications  have  been  discovered  of  an  unconformability 
between  the  Devonian  and  Silurian  which  will  necessitate  changes 
in  the  colored  county  maps  that  have  been  pubb'shed.  This  evi- 
dence is  at  present  entirely  of  a  palssontological  character,  and 
shows  the  necessity  of  keeping  that  branch  of  the  work  abreast 
of  the  field  work.  In  the  western  part  of  Fillmore  county  the 
Niagara  limestone  seems  to  be  wanting,  or  at  least  reduced  to  in 
significant  dimensions,  since  the  Lower  Devonian,  or  what  has 
been  regarded  hitherto  as  rock  of  that  age,  lies  but  a  few  feet 
above  that  which  contains  undoubted  Trenton  fossils.  Further 
examination  of  these  outcrops  is  needed  before  the  question  can  be 
folly  settled. 

In  respect  to  the  chemical  work  of  the  survey  the  report  of 
Prof.  Peckham  shows  what  has  been  done.  It  is  highly  desirable 
that  there  be  no  further  obstacles  to  the  vigorous  prosecution  of 
the  chemical  investigations.  The  laboratory  is  now  completed 
and  well  equipped. 

In  December,  1875,  the  Board  of  Regents  took  action  ordering 
the  commencement  of  thorough  botanical  observations,  and  the 
collection  of  specimens  at  the  State  University.  A  circular  was 
issued  asking  the  co-operation  of  the  botanists  of  the  state,  and 
prescribing  general  directions  for  the  wor^.  A  number  of  favor- 
able responses  have  been  received,  and  several  valuable  papers  on 
the  fiora  of  different  localities  have  been  contributed.  This  por- 
tion of  the  work  of  the  survey  seems  to  have  been  eagerly  taken 
hold  of,  and  there  is  every  prospect  that  the  botany  of  the  state 
will  be  thoroughly  and  at  the  same  time  economically  worked  up. 
Ultimately  the  aid  of  an  expert  will  be  needed  to*  compare  and 
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digest  the  material  that  may  be  gathered.  It  will  certainly  be 
vastly  cheaper,  as  well  as  more  satisfactory  to  the  people  of  the 
state,  to  carry  on  this  great  work  of  a  state  survey  a*  a  unU^  with 
its  different  parts  in  harmony  where  each  can  aid  the  other  by  the 
various  opportunities  that  arise,  than  by  scattering  it  along  so 
that  each  part  is  done  separately.  This  is  particularly  true  of  the 
iield-work.  This  economy  and  co-operation  is  so  palpably  essen- 
tial that  it  has  already  been  demanded  by  the  intelligent  press  of 
the  state.* 

The  Board  of  Begents  have  also  taken  action  looking  to  the 
examination  of  the  ornithology  of  the  state,  in  the  appointment 
of  Dr.  P.  L.  Hatch  as  ornithologist.  His  results,  heretofore  pub- 
lished only  in  the  Proceedings  of  the  Minnesota  Academy  of 
Natural  Science,  will  hereafter  be  reported  to  the  survey,  and 
ultimately  a  complete  memoir  on  the  Birds  of  Minnesota  will  be 
prepared.  It  is  to  be  regretted  that  some  such  action  had  not  been 
taken  before,  since  many  good  specimens,  and  needed  information 
from  different  parts  of  the  state  might  have  been  secured  with  but 
little  extra  expense,  in  the  prosecution  of  the  field-work  of  the 
survey.  Mr.  Herrick  has  also  collected  about  a  hundred  species 
of  birds  in  the  immediate  vicinity  of  Minneapolis,  which  are 
stored  in  the  Museum. 

The  entomology  of  the  state  was  also  begun  by  the  Board  of 
Regents  the  past  year,  by  the  appointment  of  an  entomologist  to 
the  survey,  and  his  first  report  is  herewith  published.  He  was 
instructed  to  confine  himself  to  an  investigation  of  insects  inju- 
rious to  farm  products,  especially  to  the  ravages  of  the  Rocky 
Mountain  locust.  This  investigation  was  begun  the  year  before 
by  Mr.  Whitman,  under  instructions  from  Gov.  C.  K.  Davis. 

Further  correspondence  has  been  had  with  Col.  C.  B.  Comstock, 
in  ch£M*ge  of  the  United  States  survey  of  the  lakes,  in  reference  to 
the  determination  of  the  latitude  and  longitude  of  points  in  Min- 
nesota by  the  officers  of  the  Lake  Survey.  At  his  request  certain 
points  were  designated,  the  latitude  and  longitude  o£  which,  if  ascer- 
tained, would  aid  the  Geological  and  Natural  History  Survey  of  the 
state.  In  connection  with  the  survey  of  Houston  and  Hennepin 
counties  the  usual  topographical  data  are  given. 

A  complete  series  of  meteorological  observations  should  be  estab- 
lished at  the  State  University.  They  are  especially  appropriate 
to  the  Agricultural  College.  The  law  ordering  the  survey  requires 
-the  tabulation  of  statistics  relating  to  the  weather,  and  the  investi- 

•  Compare  the  First  Annaal  Report  on  the  progreas  of  the  survey,  Regents^  Report,  pp 
•41, 44,  and  119:  also  the  Fonrth  Annaal  Report,  p.  11. 
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gation  of  the  climate  of  Minnesota.  An  incomplete  series  of  obser- 
vations has  been  kept  up  by  the  writer  at  MinnApolis  since  the 
beginning  of  the  surrey  and  reported  to  the  Chief  Signal  Officer  of 
the  Army  at  Washington.  It  requires,  however,  an  outlay  of 
about  one  hundred  dollars  for  instruments  to  carry  on  the  full 
series  of  observations  contemplated  by  the  Chiet  Signal  Officer. 
To  make  a  comparative  study  of  the  climate  of  Mnnesota  and  of 
the  northwest,  with  a  view  to  the  elimination  an^  explanation  of 
any  peculiarities  that  Minnesota  may  possess,  the"observations  of 
many  observers  at  widely  distant  points  must  be  collated.  It  is 
hoped  that  the  survey  may  be  able  to  avail  itself  o£  if  not  to  insti- 
tute, complete  observations  made  at  the  Universityr  The  Monthly 
weather  Reviews,  which  are  received  regularly  b^the  ITniversity 
Library,  will  be  of  the  greatest  service  in  accomplisning  this  work. 
The  year  has  been  one  of  special  activity  in^he  University 
Museum.  Besides  the  display  of  the  casts  of  fossils  purchased  of 
Prof.  H.  A.  Ward,  and  the  mammals  obtained  in  the  Custer 
expedition  to  the  Black  Hills,  in  1874,  the  invertebrates  purchased 
of  H.  T.  Woodman  in  1872  have  been  examined  and  labeled,  and 
placed  on  exhibition.  Considerable  collections  of  plants  have 
been  made,  including  some  fungi ;  about  a  hundred  species  of  birds 
have  been  prepared  for  mounting,  and  several  hundred  specimens 
illustrating  the  paleontology  of  the  Trenton  formation  have  been 
named,  and  await  the  construction  of  cases  for  exhibition.  At 
the  close  of  the  Centennial  exhibition  at  Philadelphia  eight  boxes 
of  ores  and  minerals  were  obtained  from  the  various  exhibits, 
mostly  by  donation,  and  have  already  been  safely  deposited  in  the 
storage  room  in  the  basement  of  the  University,  where,  along 
with  more  than  forty  other  similar  boxes  and  cases,  they  also  await 
the  construction  of  other  cases  for  their  exhibition.  In  addition  to 
these  a  purchase  was  made  at  Hoboken,  N.  J.,  of  a  fine  general  col* 
lection  of  mineral  species,  with  many  duplicates,  especially  intended 
to  illustrate  mineralogy.  These  consist  very  largely  of  crystalline 
forms.  This  collection,  costing  $400,  will  comprise  at  least  forty 
boxes  in  excess  of  those  already  mentioned.  For  fall  details 
in  respect  to  the  Museum  the  reader  is  referred  to  the  report  on 
the  Museum. 


Digitized  by  VjOOQIC 


M^XM'M  Ji;  m  ®  ^^JU 

Showing  LocaHons  oPrhe  CounHes 
Totcbl  artih  83.531  Sghuart  miies. 


Digitized  by  VjiOOQlC 


Digitized  by  VjiOOQlC 


Digitized  by  VjOOQIC 


SUBTBT  OF  lUNNESOTA. 


/ 


II. 

THE  GEOLOGY  OF  HOUSTON  COUNTY. 


Situation  and  Area. 

This  (founty  is  the  most  southeasterly  in  the  state,  and  contains 
sixteen  government  towns,  forming  very  nearly  an  exact  square. 
Its  area  is  about  576  square  miles,  or  364,084.79  acres,  according 
to  the  records  of  the  State  Land  Office.  It  contains  no  lakes,  but 
there  are  low  lands  both  along  Root  river,  and  along  the  Missis- 
sippi, between  the  high  bluffs,  which  are  flooded  most  of  the  year. 
These  lands  when  meandered  by  the  original  survey,  and  the 
actual  water  area  of  these  rivers  within  the  county,  should  be 
added  to  the  aggregate  acreage  as  above  stated.  The  county  seat 
is  Caledonia.  Houston,  Hokah  and  Brownsville  are  the  other 
principal  towns,  the  last  being  the  oldest  in  the  county,  having 
been  settled  in  June,  1848. 

Natural  Drainage. 

The  general  drainage  is  toward  the  Mississippi  river,  which  lies 
along  the  east  side  of  the  county.  Through  the  northern  tier  of 
towns  Root  river  passes  to  the  Mississippi.  Thompson's  creek 
joins  it  from  the  southwest  at  Hokah,  and  the  south  fork  of  Root 
river  at  Houston.  It  receives  Money  creek,  Silver  creek  and 
Stover  creek  from  the  north,  while  Pine  creek  passes  through  the 
township  of  La  Crescent  and  joins  the  Mississippi  from  the  north- 
west a  few  miles  below  the  village  of  La  Crescent.  Winnebago 
and  Crooked  creeks  drain  the  southeastern  portion  of  the  county. 
There  being  no  foreign  drift  in  this  county,  these  streams  run  in  ^ 
their  ancient  channels  and  several  hundred  feet  below  the  general 
upland  level.  The  loam  which  covers  the  county  is  generally  al- 
most impervious  to  water,  so  that  these  deep  drainage  courses  do 
not  operate  to  abstract  the  moisture  from  the  surface  soils  so  dis- 

2  Digitized  by  VJVJl^VlV^ 


10  GEOLOGICAL  AND  NATDBAL  HISTORY 

astrously  as  they  would  in  more  saiidy  sbils.  It  is  only  along  the 
immediate  riyeo:  bluffs  that  any  injury  to  the  soils  from  this  cause 
is  noticeable.  These  streams  furnish  water  power  at  frequent 
points,  even  more  than  have  been  improved.  At  some  of  these 
points  the  following  flouring  mills  have  been  erected : 

At  Riceford,  on  Crystal  creek,  one  custom  mill,  by  Oatman  and 
Co.,  having  a  power  of  18  feet  head.  This  creek  issues  from  the 
rock  bluffs  within  a  few  miles  of  Riceford,  nearly  all  in  one 
volume.  \ . 

At  Riceford  Mr.  Y.  T.  Beebe  also  has  a  custom  mill  with  12  feet 
head  of  water. 

There  is  a  custom  mill  on  Bear  creek,  near  the  state  line,  (Sec. 
34,  Spring  Grove,)  owned  by  Mr.  Swartzboff. 

At  Freeburg,  on  Crooked  creek,  is  a  custom  mill  owned  by  Hill 
and  Graff,  with  16  feet  head  of  water,  and  a  sawmill  awned  by 
Wm.  Oxford.    Here  are  also  two  other  mill  privileges. 

On  Winnebago  creek  (Sec.  22  Winnebago)  is  a  stone  mill  owned 
by  B.  T.  Barbour,  and  on  Sec.  15  a  custom  mill  owned  by  Mc- 
Millin,  Johnson  &  Clark. 

At  Sheldon,  on  Beaver  creek,  is  a  mill  of  12  feet  power,  owned 
by  John  Blain,  and  another  of  the  same  power  owned  by  Snyder 
Brothers. 

J.  &  C.  B.  Howe  have  a  saw  mill  on  Sec.  24,  Yucatan. 

Nathan  Vance  has  a  flouring  mill  on  Sec.  12,  Money  creek,  with 
12  feet  fall.  Fox  and  Perkins  have  another  on  Sec.  30,  with  10 
feet  power,  from  which  shipments  are  made  by  railroad. 

There  is  a  mill  at  Houston  with  7  feet  fall,  in  the  Root  river, 
belonging  to  Mr.  Grorsland. 

There  is  a  shipping  and  custom  mill  SE.  i  Sec.  23,  Houston, 
with  20  feet  power,  owned  by  G.  W.  McSpadden. 

At  Brownsville  are  two  mills,  one  by  Shaller  Bros,  of  2  run  of 
stone,  and  12  feet  power,  for  shipping  flour,  and  the  other  by  J, 
Hankey,  of  5  feet  power  and^one  run,  for  custom. 

At  Hokah  all  the  mills  ship  flour.  One  is  owned  by  C.  Fischer, 
situated  on  Thompson  creek,  and  has  24  feet  of  water  fall ;  another 
by  White  and  Brothers,  and  a  third  by  E.  Thompson.  The  last 
two  have  a  fall  of  9  feet  in  Root  river.  At  Hokah  the  Railroad 
Machine  Shops,  and  the  Plow  Factory  also  run  by  water  power. 

There  is  also  a  mill  on  Pine  creek,  near  the  county  line  (Sec.  3 
La  Crescent,)  with  4  run  of  stone,  and  13  feet  fall,  owned  by  Graff 
&  Co.,  for  custom  and  shipping  ;  and  another  on  the  same  creek, 
S.  W.  i  Sec  9,  by  J.  D.  Cameron,  having  9  feet  fall  and  4  run  of 
stone,  for  shipping. 
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The  Toledo  Woolen  Mill,  by  Fletcher  and  Webster,  S.  W.  i  Sec. 
5,  La  Crescent,  on  Pine  creek,  has  7  feet  power.  This  is  built  of 
stone  quarried  near. 

Surface  Features. 

The  topography  of  Houston  county  is  very  similar  to  that  of 
the  eastern,  and  particularly  that  of  the  northeastern  part  of 
Fillmore  county.  Taken  altogether  it  is  produced  by  the  same 
causes.  The  strata  cover  the  same  geological  horizons,  at  least 
the  same  as  the  non-drift-covered  portions  of  Fillmore  county.  It 
varies  from,  undulating  to  rough  and  hilly.  The  surface  of  the 
rock  was  gorged  by  numerous  canons,  each  with  its  tributary 
gorges,  prior  to  the  spreading  of  the  loam.  These  gorges  are 
not  so  narrow  as  in  much  of  the  western  and  central  parts  of 
Fillmore  county,  but  are  of  the  same  character  as  those  in  the 
Shakopee  and  St.  Croix  areas — ^broader  and  smoother,  allowing  the 
loam,  when  deposited,  to  enter  their  deepest  recesses  and  to  spread 
itself  evenly  over  the  whole.  While  the  loam  itself  becomes 
thicker  and  more  clayey  toward  the  Mississippi  river,  it  has  so 
efifectually  and  so  deeply  covered  the  whole  country  that  generally 
a  rolling  or  undulating  surface  has  resulted  which  is  almost  free 
from  the  peculiar  sink-Tioles  so  common  in  the  Trenton  area,  but 
is  characterized  by  deep,  wide  valleys  and  long  ridges.  The  bluffs 
that  enclose  the  valleys  are  sometimes  tillable,  or  at  least  turfed 
over  from  top  to  bottom.  They  are  of  all  bights  from  the. more 
shallow  depression  sufficient  for  ready '  drainage,  to  valley  lines 
over  five  hundred  feet  deep.  The  whole  of  Root  river  valley, 
which  is  in  the  St.  Croix  sandstone,  is  over  five  hundred  feet  in 
depth,  witli  limestone  capping  the  bluffs.  Some  of  its  tributary 
valleys  are  equally  deep  and  wide,  but  the  smaller  tributary  valleys 
become  shallow  and  more  rocky  as  the  gorges  ascend  in  the  Lower 
Magnesian — the  whole  system  making  a  series  of  deep  valleys 
along  the  river  and  of  alternating  vales  and  ridges  at  greater  dis* 
tance  from  the  main  valley.  The  county  is  nowhere  destitute  of 
excellent  natural  drainage.*  There  are  very  few  of  the  character- 
istic sink-holes  of  the  Trenton,  that  formation  having  but  a  small 
superficies  in  the  county,  and  that  not  within  the  reach  of  import- 
ant drainage  couses  which  were  capable  of  producing  the  pre- 
glacial  gorges.  Within  the  Shakopee  area  have  been  seen  three 
or  four  similar  sink-holes,  but  they  differ  from  the  Trenton  sink- 
holes in  being  more  plainly  a  part  of  continuous  ravines  and  in 
being  broader  in  comparison  to  their  depth. 
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If  the  yalleys  excavated  by  drainage  were  filled  up,  the  county 
would  be  very  nearly  flat,  the  highest  part  being  in  the  south- 
western comer,  in  the  area  of  the  Trenton  limestone.  The  great 
diversity  of  surface  that  appears  arises  entirely  from  the  effect  of 
erosion  by  streams  and  atmospheric  forces,  on  the  rocks,  which 
consist  of  alternating  sandstones  and  limestones.  This  effect  would 
be  still  greater,  or  rather  would  be  still  more  apparent,  were  it  not 
that  the  loess  loam,  which  is  very  thick  in  this  part  of  the  state, 
tones  down,'  with  its  overspreading  canopy,  the  roughness  which 
the  rocky  surface  really  possesses,  leaving  it  actually  one  of  an 
undulating  or  rolling  character  except  along  the  immediate  river 
bluffs,  where  the  rocks  frequently  appear  in  craggy  bluffs  and 
cause  precipitous  or  steep  hillsides.  The  valleys  excavated  by  the 
streams  are  remarkable  and  instructive.  Not  only  have  the  larger 
streams  cut  out  gorges  of  enormous  depth  in  the  rocky  floors  on 
which  they  run^  but  every  little  creek  and  tributary  runs  in  a  gorge 
which  shows  the  same  rock-sculpture.  Even  the  freshet  creeks, 
and  the  rivulets  bom  after  every  summer  shower,  dry  entirely  the 
greater  part  of  the  year,  find  their  way  to  the  main  vaUeys  through 
rock-bound,  canon-like  valleys.  This  makes  the  county  present 
the  usual  characters  of  southern  latitudes  where  the  northern  drift 
sheet  has  not  been  spread.  There  is  nothing  more  evident  than 
that  these  valleys  antedate  to  the  great  ice  age.  In  other  portions  of 
the  northwest  where  the  drift  does  prevail,  larger  streams  than 
those  found  in  Houston  county  have  generally  worn  their  channels 
only  through  the  drift  sheet.  The  Mississippi  river  itself,  above 
the  Falls  of  St.  Anthony,  has  no  rocky  bluffs.  It  very  rarely  even 
strikes  the  rock.  It  is  occupied  still  in  dissolving  and  removing 
the  materials  of  the  drift  which  covers  that  portion  of  the  state. 
It  would  require  a  great  many  interglacial  periods,  or  ^^pre-glacial 
periods,  to  excavate  it  as  deeply  as  the  same  valley  is  wrought  in 
the  southeastern  portion  of  the  state.  In  the  limestone  areas  the 
valleys  are  narrow  and  more  generally  rock-bound ;  they  widen 
out  so  as  to  inclose  good  farm  lands  on  the  bottoms  in  the  sand- 
stone  areas.  This  distinction,  however,  is  less  evident  than  in 
Fillmore  county,  where  the  St.  Peter  sandstone  plays  a  more  im- 
portant part  in  bringing  about  the  present  topography.  It  is, 
however,  well  illustrated  in  the  upper  portion  of  many  of  the  trib- 
utaries of  Root  river.  In  descending  one  of  these  valleys  from  the 
upland  the  first  descent  is  very  rocky  and  very  impracticable.  This 
is  caused  at  first  by  the  cut  through  the  Shakopee  limestone.  The 
Jordan  sandstone  that  underlies  the  Shakopee  sometimes  relieves 
this  ruggedness  a  little,  but  its  thickness  is  so  small  compared  to 
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that  of  the  whole  Lower  Magnesian  that  it  is  barely  observable  in 
this  way.  Through  the  underlying  St.  Lawrence  limestone  the 
descent  is  also  rough  and  the  valley  narrow,  with  little  or  no 
arable  land  in  the  valley.  On  reaching  the  horizon  of  the  top 
of  the  St.  Croix  sandstone  the  change  introduced  into  the  aspect 
of  the  valley  is  very  noticeable.  It  widens,  the  rock  is  seen  ex- 
posed in  a  nearly  continuous  escarpment  along  the  tops  of  the  now 
more  distant  bluffs,  the  descent  is  easy,  the  stream  flows  with 
a  winding  course,  and  is  perhaps  fringed  with  a  small  shrubby 
growth,  the  lower  slopes  of  the  bluffs  on  either  side  are  turf -cov- 
ered, and  finally  a  rich  alluvial  soil,  spreading  out  over  the  bottoms 
shows  here  and  there  a  spot  that  has  been  cleared  and  cultivated. 
This  character  then  extends  to,  and  follows,  the  whole  course  of 
Root  river  to  its  mouth,  the  valley  constantly  increasing  in  width, 
and  showing  a  terraced  condition,  where  ancient  floods  or  periods 
of  high  water  have  stood,  and  whence,  after  vast  accumulations  of 
alluvium,  have  retired,  reducing  the  river  at '  last  to  its  present 
insignificant  dimensions.  This  is  the  general  character  of  the 
valleys  tributary  to  Root  river,  but  this  succession  of  changes  can 
be  seen  within  Houston  county  only  in  those  tributary  valleys  on 
the  soutli  side  of  Root  river.  Those  on  the  north  side  enter  on 
the  St.  Croix  sandstone  before  reaching  Houston  county.  The 
best  agricultural  portion  of  the  county  is  in  the  center  and  south- 
west quarter.  The  valleys  throughout  the  county  are  generally 
wooded,  and  in  the  eastern  part  of  the  county  a  great  deal  of  the 
upland  is  also  wooded.  Taken  altogether  the  county  may  be  de- 
nominated rolling,  broken  and  hilly,  though  there  are  also  some 
fine  prairies  that  are  simply  undulating.  All  the  farms  are  well 
drained  naturally. 

The  following  measurements  by  aneroid  will  show  the  depth  of 
some  of  the  valleys  below  the  immediate  upland  at  the  points 
named. 

Sec.  17,  Caledonia,  8  miles  south  of  Sheldon.  Beaver  creek,  at 
the  great  spring,  is  230  feet  below  the  tops  of  the  bluffs,  which 
embrace  the  Shakopee  limestone,  Jordan  sandstone  and  a  part  of 
the  St.  Lawrence  limestone. 

At  Sheldon  the  blufife  are  420  feet  high. 

At  Houston  the  bluffs  north  of  the  city  are  520  feet  above  the 
level  of  water  in  Root  river  in  summer. 

At  Hokah  Mt.  Tom  rises  530  feet  above  the  flood  plain  of  Root 
river. 

On  Sec.  11,  Union,  the  ridge  between  Thompson's  creek  and 
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the  railroad,  at  the  sculptared  rock,  rises  855  feet  above  the  high- 
way directly  south  of  the  ridge. 

At  Brownsville  the  hight  of  the  bluff  above  the  flood  plain  of 
the  Mississippi  is  495  feet.  Mr.  Fred.  Oluck,  of  Brownsville, 
measured  the  same  ))y  triangulation  in  the  winter  season,  and  ob- 
tained 486  feet  as  the  hight  above  the  ice.  Railroad  surveyors  are 
said  to  have  obtained  483  feet  as  the  hight  of  the  same  bluff.  The 
most  of  this  hight  is  made  up  of  sandstone,  there  being  but  105 
feet  of  limestone  in  the  upper  part  of  the  bluff,  belonging  to  the 
St.  Lawrence  formation. 

Elevations  on  the  Caledonia  and  Mississippi  Railroad, 

'  This  road  runs  from  the  Mississippi  river  westward  14i  miles  up 
the  valley  of  Crooked  creek.  It  is  graded,  but  not  yet  furnished 
with  track.  These  levels  were  furnished  by  Mr.  Till,  engineer  of 
the  road.  The  datum  is  the  level  of  the  track  of  the  C.  D.  &  M. 
R.  R.,  just  north  of  Crooked  creek.  Sec.  85,  Town  102  N.,  Range 
1  W.: 

Datum 0. 

Freebarg , 21.92 

Water  at  Oxford's  dam,  Freebarg 42.95 

Crossing  of  Crooked  creek  at  Sec.  86,  102  K.,  R.  1  W.  (Powlesland's) 

bottom 56w82 

Crossing  of  Crooked  creek  at  Sec.  86»  102  N.,  B.  1  W.  (Powlesland's) 

grade '. 66.82 

Crossing  of  Crooked  creek,  SE.  i  Sec.  26,  102  N-,  2  W.,  below  the 

Junction  of  8.  Fork— bottom 76  74 

Crossing  of  Crooked  creek,  SE.  i,  Sec.  26,  102  K.,  2  W.,  below  the 

Junction  of  S.  Fork— grade 86.74 

Sorfkce  of  water  at  crossing  of  Crooked  creek,  NE.  i  Sec.  22,  May- 

vUle 152.18 

Bottom  of  creek  at  crossing  of  Crooked  creek,  NE.  i  Sec.  22,  May- 

vine 151.85 

Bottom  of  creek  at  second  crossing  below  John  MoUtor's,  Sec.  16, 

Mayville 286.70 

Grade  at  second  crossing  below  John  Molitor's,  Sec  16,  MayvUle. ..  214.87 
Bottom  of  creek  at  first  crossing  below  John  Moli\x>r's,  Sec.  16,  May- 

viUe 260.77 

Grade  at  first  crossing  below  John  Mentor's,  Sec.  16,  Mayville 266.72 

Dorsh's  qnarry,  Sec.  17,  Mayville,  grade ..• 888.10 

Natural  surfhce  at  the  Methodist  church,  Caledonia ...•.'•  551.18 

Summit,  Natural  surfMe,  NE.  i  Sec.  18,  Caledonia 571.57 
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Elevations  on  the  Houston^  Hesper  and  Southwestern  Railroad. 

{Proposed.) 

This  line  runs  from  Houston,  on  the  Root  river,  where  it  inter- 
sects with  the  Southern  Minnesota  Railroad,  southwestwardly, 
ascending  the  valley  of.  Beaver  creek,  through  Sheldon,  Caledonia 
and  Spring  Grove  townships.  The  following  data  were  furnished 
by  Dr.  F.  Worth,  president  of  the  conpany.  The  datum  point 
was  at  Houston,  on  the  grade  of  the  S,  M.  R.  R.  where  it  crosses 
the  line  between  sections  83  and  34,  seven  hundred  and  eleven  feet 
above  the  ocean  : 


Sections. 

Above 
Houston. 

Above  the 
Ocean. 

Crossing  township  line  between 

Crossinff  section  line  between ...*••  •••»•• 

4  and   9 
Sand    9 
7  and   8 
7  and  18 

18  and  19 

19  and  80 
80  and  81 

Feet. 

6 

7 

7 

9 

28 

29 

49 

79 

76 

82 

87 

109 

lis 

119 
167 
248 
269 
881 
884 
895 
422 
428 
457 
494 
500 
524 
456 
462 
476 
562 
487 
442 

465 

Feet. 
717 
718 

CJrossiniP  section  line  hetvi^een ...... ...... 

71S 

C!ro8SlnfP  section  line  between .•■•••  >••••• 

720 

OroflsinflT  section  line  between     ....  .  .■•.. 

784 

Croflsinir  section  line  between ..••••  ..•••. 

740 

C^TOSfilnff  section  line  between ............ 

7Afl 

Sheldon  YiUaiPe  nlat  on  section  81 

790 

OroflslnflT  section  line  between ............ 

81  and  82 

82  and   6 

5  and    6 

6  and    7 

7  and  12 
12  and  18 
18  and  24 

24  and  23 

25  and  26 

26  and  85 
85  and  84 
84  and   8 

Sand   4 
4  and   9 
9  and   8 

8  and  17 
17  and  20 

787 

Croesini;  section  line  between 

794 

OroBsinflT  section  line  between ......  ...••• 

799 

CrossinsF  section  line  between ..••••  •••••• 

820 

CrAflflinflT  section  line  between  ..>•..••■•   • 

829 

Croasinir  section  line  between ..• 

880 

nrossinir  section  line  between 

878 

Crossins  section  line  between ..•• 

862 

Orossinff  section  line  between ...... ...... 

888 

CrossiofiT  section  line  between ..•• 

1,042 
1,095 
1,106 
1,188 
1,189 
1,168 
1,205 
1,211 
1,285 

Orossinff  section  line  between 

CrossinfiT  section  line  between .••• ....  •••• 

Crossinir  section  line  between 

Orossinff  section  line  between ...... ...... 

Crossinir  section  line  between 

Crossiug  section  line  between .  •  • 

Crossinir  section  line  between ....• 

On  section  17.  hlffhest  ooint  ...•• • 

Crossinir  lines  between  sections 

20  and  19 
19  and  80 
80  and  25 

1,167 

Crossinir  lines  between  sections  ...•• .... 

1,178 

Crossins  lines  between  sections • 

1,187 
1,278 
1,148 
1,158 

1,176 

Line  between  Houston  and  Fillmore  Co.  •• 

Crossinir  section  line  between 

25  and  26 

26  and  85 

CrOi>sinir  section  line  between 

State  line  west  of  center  of  Sec.  85,  New- 
bnrg  Township 
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Notes  an  the  Plats  of  thet  United  States  Survey  in  Houston  Counly, 
on  record  in  the  Register's  Office  at  Caledonia.  (The  county  was 
surveyed  in  1852-3-4.) 

T.  101  N.,  3  W.—Fractimiol;  East  part  of  Jefferson. 

This  is  embraced  wholly  within  the  river  bottoms  of  the  Missis- 
sippi. It  is  timbered  but  low,  with  some  marsh  and  standing 
water.    Mag.  Var.  8°  15'  to  8°  60*.    Acreage,  8,169.76. 

T.  101  N.jiiW.    West  part  of  Jefferson  and  South  part  of  Crocked 

Creek. 

The  Mississippi  bluffs  run  north  and  south  across  the  east  end 
of  this  town,  which  embraces  some  marsh  and  slough  land  in  the 
eastern  tier  of  sections.  These  bluflb,  which  unite  with  those  of 
Winnebago  creek  from  the  west,  in  the  southeastern  comer  of  the 
town,  introduce  in  that  portion  a  very  rough  and  rocky  character 
of  surface.  The  town  is  nearly  covered  with  timber.  Mag.  Var 
r  36'  to  8°  AS.    Acreage,  22,546.52. 

T.  101  N.,  5  W.     Winnebago. 

This  is  crossed  by  Winnebago  creek,  which  receives  several 
tributaries  from  the  north  and  from  the  south.  There  is  a  tract 
of  prairie  in  the  southwest  corner  of  the  town,  and  another  in  the 
northwest  comer.  The  remainder  is  either  timbered  or  shrubby 
with  oaks  and  aspens.  The  creek  valley  is  deep  and  rocky.  Mag. 
Var.  8°  to  8°  52'.    Area,  23,045.05  acres. 

T.  101  N.,  6  W.     Willmingtm. 

This  town  is  about  equally  divided  between  prairie  and  timber, 
which  are  irregularly  intermingled.  Waterloo  creek,  in  Sees.  29, 
32  and  33,  rans  in  a  deep  valley,  with  steep  and  rocky  banks. 
Mag.  Var.  5"*  49'  to  8"^  31'.     Area,  23,037.13  acres. 

T.  101  N.,  7  W.    Spring  Grave. 

Along  the  northwest  edge  of  this  town  the  South  Fork  of  Root 
river  causes  a  deep  valley,  which  is  rough,  timbered,  and  rocky. 
The  rest  of  the  town  is  variously  overspread  with  mingled  prairie 
and  timber  or  oak  bushes,  with  gently  undulating  and  sometimes 
rolling  surface.     Mag.  Var.  5°  3' to  9°  5'.     4r|a^J3^^pjcres. 
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T.  102  iV.,  4  TT.    Crooked  Creek  arid  South  part  of  BroummUe. 

This  town  is  named  from  the  creek  which  crosses  it  from  west 
to  east,  south  of  the  center.  This  creek,  with  its  branches,  causes 
a  rough  and  rocky  surface,  with  deep  gorges  over  a  considerable 
area.  The  town  has  no  natural  prairie.  Mag.  Var.  T  35'  to  8°  45'. 
Area,  20,408.73  acres. 

T.  102  J\r.,  5  W.    MayvUle  and  West  part  of  Crooked  Creek, 

In  the  central  portion  of  this  town  are  the  sources  of  Crooked 
creek,  which  leaves  the  town  toward  the  southeast,  in  Sec.  25. 
With  the  exception  of  small  portions  of  Sees.  31  and  32,  this  town 
has  no  prairie,  but  the  heaviest  timber  is  along  the  creek  and  its 
tributaries.  The  surface  is  undulating  to  rough.  Mag.  Yar.  6° 
5r  to  8°  80.'    Area,  22,976.20  acres. 

T.  102  i\r.,  6  W.    Caledonia. 

Beaver  creek  is  the  only  stream  in  this  town.  It  causes  a  rough 
and  hluSy  surface  in  Sees.  19,  18,  7,  6,  5,  8  and  17,  flowing  north- 
ward. A  little  more  than  one  half  is  of  prairie,  the  timber  being 
along  the  creek  and  in  the  eastern  side  of  the  town.  Mag.  Var. 
6°  18' to  9°  35'.    Area,  23,063.95  acres. 

T.  102,  S.  7  W.    Black  Hammer. 

The  south  fork  of  Root  river  crosses  the  western  portion  of  this 
town  in  a  northerly  direction,  accompanied  by  a  heavily  timbered 
and  rocky  tract  aflecting  nearly  one-half  of  the  town.  There  is 
an  irregular  strip  of  prairie  which  enters  the  town  from  the  south- 
east and  runs  northwest  past  the  center.  Mag.  Var.  5°  24'  to  8** 
15'.    Area,  28,042.34  acres. 

T.  103  N.J  4t  W.     North  part  of  BroumsviUe  and  South  part  of 

Hokah. 

This  is  a  border  town  along  the  Mississippi,  and  in  the  north 
has  some  bottom  land  east  of  the  blufiPs.  In  the  southern  portion 
the  river  approaches  near  the  bluflfs.  No  prairie  is  shown.  The 
Wild  Gat  creek  joins  the  Mississippi  at  Brownsville,  Sec.  26,  and 
Thompson  cre^k  flows  across  the  northwest  comer.  These  streams, 
like  others  in  the  county,  run  in  deep,  rocky  valleys,  and  cause  a 
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great  diversity  of  surface  some  distance  on  either  side  from  the  im- 
mediate valley.  They  have  a  great  many  tributary  valleys  which 
do  not  contain  streams,  but  which  are  equally  deep  and  blufiy. 
Mag.  Var.  7°  85'  to  9°  1'.    Area,  20,912.18  acres. 

r.  108  N.,5W.     Union  and  South  part  of  Mound  Prairie. 

Root  river,  with  its  tributaries,  the  Crystal,  Bear,  and  Thomp- 
son creeks,  causes  a  rolling,  and  even  a  rough,  surface  over  much 
of  this  town,  with  frequent  rock  exposure.  There  is  a  small  area 
of  prairie  covering  Sec.  4,  with  adjoining  parts  of  5,  8,  9  and  3 ; 
but  the  greater  part  of  the  town  is  represented  as  timbered,  or 
overgrown  with  small  oaks  and  aspens,  and  with  hazel.  Mag. 
Var.  6°  89'  to  8°  51'.    Area,  22,*951.16  acres. 

T.  103  iV.,  6  West.    Sheldon  and  South  paH  ofHomton. 

The  South  Pork  of  Root  river,  with  its  tributaries  from  the  south, 
Beaver,  Crystal  and  Badger  creeks,  covers  this  town  with  a  net- 
work of  deep  valleys,  in  many  places  very  rough.  In  the  eastern 
portion  of  the  town  the  surface  is  more  uniform  and  open.  Mag. 
Var.  6°  39'  to  8°  54',    Area,  22,854.31  acres. 

T.  103  N.,1  W.    South paH  of  Yucatan. 

The  South  Fork  of  Root  river  crosses  the  southeastern  quarter  of 
this  town.  The  whole  town  is  rough  and  wooded,  except  a  nar- 
row prairie  belt  occupying  the  river  bottoms.  Mag.  Var.  6^  35' 
to  9°  15'.     Area,  23,045.67  acres. 

Town  104  N.,  4  W.    NoHhpart  of  Hokah,  and  East  paH  of  La 

Crescent. 

This  is  a  Mississippi  river  town,  and  between  the  line  of  the 
river  bluffs  and  the  channel  of  the  river  is  a  belt  of  bottom  land, 
much  of  it  marshy,  from  two  to  four  miles  wide.  The  Root  river 
cuts  a  deep  gorge  across  the  southern  part  of  the  town,  and  Pine 
creek  crosses  the  northern  portion.  Mag.  Var.  7°  45'  to  8°  58'. 
Area,  20,398.03  acres. 

r.  104  A^.,  5  W.      PraitHe  Mound  and  West  part  of  La  Crescent. 

This  town  is  crossed  by  Root  river,  along  the  southern  two  tiers 
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of  sections.  It  has  a  belt  of  prairie  within  the  rocky  bluflfe,  cov- 
ering Sees.  33,  34  and  35,  and  a  marsh  in  Sees.  30  and  31,  but  the 
rest  is  more  or  less  wooded.  Pine  creek  also  crosses  the  north* 
eastern  portion  of  the  town.  Mag.  Var.  T  45'  to  8°  49'.  Area, 
23,046.07  acres. 

T.  104  JV.,  6  W.    Houston  and  East  part  of  Money  Creek. 

This  town  is  broken  by  Root  river  and  Money  creek.  It  also 
has  Silver  creek  in  the  eastern  portion.  There  is  a  belt  of  prairie 
land  along  the  south  side  of  Root  river,  within  the  rock  bluiSfs, 
and  in  the  western  portion  of  the  town  in  Money  creek  valley,  but 
the  most  of  its  area  is  wooded  and  broken.    Area,  22,984.56  acres. 

T.  104  iV.,  7  W.    North  part  of  Yucatan  and  West  part  of  Money 

Creek. 

This  town  has  prairie  bottom-land  along  Root  river,  which 
crosses  it  from  W.  to  E.  in  the  southern  half,  and  along  Money 
creek  in  Sees.  1,  2  and  12.  The  rest  of  the  town  is  more  or  less 
wooded,  with  a  rolling  surface  Mag.  Var.  7^  to  8°.  45'.  Area, 
23,179.03  acres. 

The  SoU  and  Timber  of  Houston  county. 

The  soil  of  the  county  is  formed  by  the  loess  loam.  It  is  very 
fertile,  and  apparently  very  enduring.  It  is  mainly  a  clayey  de- 
posit, without  stones  or  gravel,  but  yet  in  some  places  becomes 
arenaceous,  the  sand  grains  being  very  fine.  The  loess  is  hardly 
pervious  to  water.  In  the  scarcity  and  costliness  of  common 
wells,  many  farmers  resort  to  the  expedient  of  retaining  the  sur- 
face water,  after  rains,  in  open  reservoirs  produced  by  throwing  a 
low  dam  across  some  of  the  shallow  drainage  valleys  that  intersect 
their  farms,  thus  forming  with  the  common  loam  a  small  pool  or 
lake  for  the  use  of  their  stock.  Except  on  the  brows  of  the  bluffs 
whiph  inclose  the  valleys  this  loam  is  thick  enough  to  make  a 
reliable  subsoil  as  well  as  surface  soil.  In  some  of  the  valleys  it 
is  very  thick,  but  here  it  is  apt  to  be  influenced  by  the  causes  that 
produced  the  river  terraces  and  to  mingle  with  the  ordinary  allu- 
vium. On  the  uplands  generally  where  it  may  not  have  been 
reduced  by  wash,  its  average  thickness  might  reach  30  feet,  but  in 
some  of  the  valleys  material  of  the  same  aspect  is  sometimes 
encountered  to  the  depth  of  over  one  hundred  feet. 
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In  the  valley  of  Root  river,  and  also  along  the  Mississippi,  the 
soil  of  the  alluvial  terraces,  greatly  resembling  that  of  the  loam 
in  the  uplands,  is  apt  to  be  more  sandy,  and  sometimes  becomes 
very  light  and  very  poor.  These  materials  are  generally  seen  to 
be  in  obliquely  stratified  layers,  and  to  embrace,  in  the  Mississippi 
valley,  small  gravel  stones  of  northern  origin.  The  immediate 
flood  plain  of  these  rivers  presents  still  another  variety  of  soil. 
While  it  is  generally  sandy,  and  often  very  light,  it  is  dso  a  very 
rich  soil,  and  is  apt  to  be  enduring  by  reason  of  the  Nile-like 
overflows  to  which  it  is  subjected,  and  the  decomposition  of  large 
quantities  of  vegetation.  This  variety  of  soil  sustains  some  of 
the  heaviest  forests  to  be  found  in  the  county. 

The  county  is  supplied  with  plenty  of  timber  for  fuel,  and  with 
some  that  is  useful  for  lumber.  The  following  list  comprises 
a  nearly,  if  not  quite,  complete  catalogue  of  the  trees  and  shrubby 
plants  of  the  county: 

Qnercas  rubra.    L.  {?)  (Red  Oak.) 
Qnercus  macrocarpa.    Michx.    (Barr  Oak.) 

[These  two  oaks  are  common  in  the  uplands.  As  brush  and  small  trees 
they  often  form  thickets.  There  are  also  trees  of  the  black  oak,  or  what  are 
accepted  as  black  oak  by  the  farmers,  and  it  may  be  that  only  the  black  and  bur 
oaks  exist  in  the  county.  Although  considerable  time  has  been  spent  in  the 
attempt  to  identify  this  oak,  mentioned  in  former  county  reports  as  Q.  rubra, 
with  doubt,  it  is  still  undettled.  There  seem  to  be  two  species  in  some 
places,  but  in  others  the  characters  are  blended  In  one.  There  is  a  pbdn 
popular  distinction  between  tie  red  and  the  black  oak»  and  solitary  trees  of 
the  latter  are  often  seen  of  large  size  standing  in  the  midst  of  brush,  belong- 
ing apparently  to  a  former  forest  growth  now  destroyed,  while  the  former  is 
very  abundant  as  small  trees  or  underbrush,  often  presenting  some  of  the 
popular  characteristics  of  the  latter.] 

Qnercus  alba,  L,  (White  oak.) 

Populus  tremnloides,  Michx.  (Aspen.) 

Populus  grandidentata.  Michx.  (Great- toothed  poplar.) 

Populus  monilifera.  Ait,  (Cottonwood.) 

[Of  these  poplars,  the  first  two  are  by  far  the  most  common,  bnt  In  proper^ 
tion  to  their  numbers  make  fewer  large  trees  than  the  last.  They  rarely 
exceed  six  or  eight  inches  in  diameter,  while  the  cotton  wood  sometimes 
becomes  two  or  three  feet  in  diameter,  as  seen  in  the  Root  river  vaUey  at 
Houston.  The  cotton  wood  has  a  rough  bark.  The  bark  of  the  aspen  may 
be  distinguished  from  that  of  the  great- toothed  poplar  at  a  distance  by  tbe 
fiict  that  the  former  becomes  white,  or  mottled  with  white,  as  the  tree  ^T^ta 
the  size  of  three  or  four  inches  in  diameter,  while  that  of  the  latter  main- 
tains its  greenish  or  dingj -yellow  color.] 
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FopuloB  balsamifera,  X.  (Balm  of  QUead.)  [Common  in  cultivation. 
There  are  some  fine  large  trees  of  this  kind  at  Mr.  Fowlesland's,  Sec.  86, 
Crooked  Creek.] 

Popnlns  dilatata,  Ait.    (Lombardy^poplar.)    [Only  seen  In  cnltivatlon.] 

Acer  rnbmm,  L,    (Red  maple.) 

Acer  saccharinnm,  Wang.    (Sagar  maple.) 

Acer  sacchariDum,  Wang.     Yar.  nlgmm,  Oray.    (Black  Sngar^maple.) 

[Sometimes  known  as  Rock  Maple.] 

Ulmns  Americana,  L.  (PI.  Clayt.)  Willd.    (American  Elm.) 
Ulmns  ftilva,  Michx.    (Slippery  Elm.) 

[The  first  named  elm  is  very  common,  and  acquires  a  very  large  size  in 
the  bottom  lands  of  the  Root  river,  bat  the  latter  is  comparatively  rare.  As 
with  the  oaks,  the  popular  ideas  of  the  elm  do  not  agree  with  the  scientific 
distinctions  of  Prof.  Oray's  Manual.  Good  observers  and  woodsmen  insist 
Invariably  that  there  are  three  elms  found  commonly  in  the  central  and 
aouthem  part  of  the  state,  viz.,  Bock,  Water  and  Bed.  The  first  is  easily 
understood  to  be  the  well  known  American  or  WhUe  JElm^  the  last  the  com- 
mon Slippery  Elm,  but  the  second  is  not  distiogulshable  by  any  botanical 
characters.  It  is  named  fh>m  the  abundant  discharge  of  water  or  sap,  which 
it  ftimishes  on  being  wounded  or  cut,  especially  at  certain  seasons  of  the 
year.  In  addition  to  these,  sometimes  a  so-called  Swamp  Mm  is  insisted  on. 
Prof.  Harrington  has  reported  the  Corky  Sim  from  Olmsted  county,  and  this 
may  be  one  of  the  elms  popularly  recognized.  The  demands  of  the  geolog- 
ical work  have  not  yet  permitted  the  careAil  examination  of  these  dis- 
tinctions.] 

Tilia  Americana,  L,    (Basswood.) 

Carya  amara,  KuU,    (Bittemut.) 

Carya  alba,  liuU.    (8hag-bark  hickory.) 

[Of  these  the  former  ftimishes  the  great  bulk  of  the  hoop-poles  for  flour 
barrels  cut  in  the  southern  and  central  portions  of  the  state,  the  latter  being 
a  much  more  rare  tree.  It  is  only  in  Houston  county  that  the  shag-bark  hick- 
ory is  known  to  occur  generally.  It  is  exceedingly  rare  in  Fillmore  county, 
«nd  does  not  occur  in  the  Big  Woods.] 

Juglans  nigra,  L,    (Black  Walnut.) 
Juglans  cinerea,  L.    (White  Walnut  or  Butternut.) 
[The  former  is  comparatively  rare,  but  the  latter  is  one  of  the  most  com- 
mon trees  along  valleys.] 
Fraxinus  Americana,  L.    (White  Ash.) 
Frazinus  sambncifolia.  Lam.    (Black  Ash.) 

[The  former  is  often  seen  as  a  large  tree,  but  the  latter  is  rare,  having  been 
noted  only  in  the  timbered  bottoms  of  the  Root  river  at  Houston.] 

Frunus  Americana,  Marsh.    (Wild  Plum.) 
Prunus  Fennsylvanica,  Z.    (Wild  Red  Clierry.) 
Frunus  Yirginiana,  X.    (Choke  Cherry.) 
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PranQS  serotina,  Ehi4    (Black  Cherry.) 

Pyrna  coionaria,  X.    (American  Crab-apple.) 

Negnndo  aceroides,  Mceneh.    (Box  Elder.) 

Crataegus  coccinea,  Z.    (Thorn  Apple.) 

Crataegus  tomentosa,  L.    (Black  Thorn.) 

Celtis  occidentalism  Z.    (Hackberry.) 

Betola  excelsa,  of  American  Authors.    (Qray  Birch.) 

Betula  alba.  var.  popnlUblia,  4>acA.  (?)    (White  Birch.) 

[Of  these  two  birches  the  latter  is  quite  comment  bot  the  former  is  rare. 
The  outer  bark  of  the  latter  is  snowy  white,  and  the  tree  rarely  becomes  larger 
than  three  or  four  inches  in  diameter,  and  indeed  is  usually  less  than  two. 
It  frequents  rocky  banks  and  sterile  soils,  being  rarely  seen  except  along  • 
hillside,  where  its  white  small  trunlss  make  it  very  noticeable.  The  former 
has  been  seen  only  in  moist,  rich  lowlaods,  with  large  timber  surrounding, 
and  is  apt  to  grow,  unless  injured,  to  a  large  tree  of  a  foot  or  two  in  diam- 
eter. It  is  probably  the  same  as  B.  lutea,  Miehx.  f,  of  Gray's  revised  manual. 
Its  twigs  and  bark  are  so  aromatic  as  to  cause  it  to  be  mistaken  for  the 
black,  or  cherry-birch  of  the  Middle  and  Eastern  States,  which  has  not  yet 
been  reported  as  occurring  within  the  State  of  Minnesota.] 

Finns  Strobus,  L.    (White  Pine.) 

[On  Crooked  creek;  at  La  Crescent;  on  Bear  creek  ;  on  Winnebago  and 
Money  creeks.! 

Ostzya  Yiginica,  WUld.    (Ironwood.) 

Salix— Sp.  (?)  [Various  species ;  one  species  becomes  a  large  tree,  as 
seen  in  the  bottoms  at  Houston.] 

Qymnocladus  Canadensis,  Lam.    (Kentucky  Coffee  tree.) 

[The  Coffee  tree  occasionally  is  seen,  even  18  inches  in  diameter,  and  is 
used  for  lumber.    It  was  particularly  noted  about  Houston.] 

Larix  Americana,  Michx,    (Tamarack.) 

[Only  known  on  Pine  creek.] 

Cornus  circinata,  L*Her.    (Ronnd-leayed  Cornel.) 

0>mus  sericca,  L.    (Silky  Cornel.) 

Cornus  panlculata,  L*Her,    (Panicled  Cornel.) 

[Along  the  ravines.] 

Cornus  alternifblia,  X.    (Alternate-leaved  Cornel.] 
Qaultheria  procumbens,  X.    (Wintergreen.) 

[Seen  only  at  Mound  Prairle.J 

Alnus  incana,  WUld.    (Speckled  Alder.) 
Diervllla  trifida,  Manch.    (Bush  Honeysuckle.) 


[Along  the  bluite  of  the  Mississippi.] 
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Rhus  typhlna,  L.    (Stag-born  Samac.) 

fRare;  seen  at  BrownsYille.l 

Sambacna  Canadensis,  Z.    fC^oQ^inoQ  SMer.] 
Castanea  yesca»  L*    (Chestnot.) 

[Cnltivated;  seen  on  Sec.  29,  Union.] 

Bobinia  Psendacacia,  X.    (Locnst.) 

[Only  cnltivated.] 

Qledltschia  monosperma,  WdU,    (Water  Locnst) 

[Only  in  cnltivation;  seen  at  Hokah.] 

Bosa  blanda,  Ait.    (Early  Wild  Rose ) 
Rosa  Carolina,  L,    (Swamp  Rose.) 

[This  is  a  bushy  rose,  eight  feet  high  and  less.] 

Rhns  glabra,  L,    (Smooth  Snmac.) 

Rhus  Toxicodendron,  L,    (Poison  Ivy.) 

Abies  balsaraea,  'MavBhall,    (Balsam  Fir.) 

* 
[Only  in  cultivation^] 

Rnbns  strigosns,  Mchx,    (Red  Raspberry.) 
Rnbns  villosns,  AU.    (High  Blackberry.) 
Rabns  occidentalis,  L,    (Black-cap  Raspberry.) 
Rnbns (  ?)    (Low-bnsh  Blackberry.) 

[More  or  less  trailing.] 

Jnnipems  Sabina,  X«    Yar.  procnmbens,  Purth.    (Trailing  Cedar.) 

IHoIcah  and  Sheldon.] 

Jonlpems  Yirginiana,  L,    (Red  Cedar.) 
Apocynnm  androsasmifolinm,  X.    (Dogbane.) 
Carpinns  Americana,  Mkhx,    (Wtter  JBeech.) 
Spirffia  opnlifolia,  X.    (^line-bark.) 
Zanthoxylnm  Americanam,  Mill,    (Prickly  Ash.) 
Amorpha  caoesceas,  NvU.    (Lead  Plant  ) 
Lonicera  parviflora,  Lam,    (Small  honeysuckle.) 
•Amelanchier  Canadensis,  Torr,  A  Gray,    (Jnneberry.) 
Yitis  cordlfolia,  Mchx,    (Grape.) 
Ampelopsis  qninqnefolia,  Michx,    (Virginia  Creeper.) 
Celastras  scandens,  L,    (Bittersweet.) 
Clematis  Yirginiana,  L,    (Common  Yirgin*s  Bower.) 

[Common  in  the  valley  of  Root  river,  below  Hokah.] 

Yibnrnnm  Lentago,  L.    (Sheepberry.) 

Yibnrnnm  Opnlns,  L.    (High-bnsh  Cranberry.)  ^  r 
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Ceanothus  Ameiicanas,  L,    (Jersey  Tea.) 
ArlstolocWa  Sipho,  VHer.if^    (Pipe  Vine.) 
Rlbes  Cynosbatl,  L.    (Gooseberry.) 
Ribes  floridam,  L.    (Wild  Black  Currant.) 
Ribes  rotnndifoUam,  Michx.    (Gooseberry.) 
Corylus  Americana,  WaU,  .  (Hazel.) 
Symphoricarpas  occidentalls,  J?.  Br.    (Wolfberry.) 
Dirca  palnstrls,  X.    (Leather- wood.) 

[This  was  found  along  the  bottoms  of  Beaver  creek,  in  Caledonia  town- 
ship, in  the  neighborhood  of  the  Great  Spring.  The  wood,  instead  of  being 
*<  very  brittle,*'  as  described  by  Gray,  was  pliable  and  spongy,  resembling  a 
green  cornstalk.    This  was  in  the  month  of  Jaly.] 

Smilaz  rotundlfolia,  L,    (Common  Greenbrier.) 

[This  was  seen  growing  very  luxuriantly  in  the  sandy  alluvium  of  the 
Root  river  bottoms,  below  Hokah,  associated  with  the  Virgin's  Bower  and 
the  Climbing  Bittersweet,  tn  the  same  vicinity  were  also  the  wild  grape, 
the  Virginia  Creeper,  and  a  number  of  herbaceous  vines.  The  leaves  on  the 
different  parts  of  the  Greenbrier  differ  very  noticeably.  Those  on  the  large 
annual  shoots,  which  run  10  or  15  feet,  are  ovate  and  heart-shaped,  large,  8 
inches  long;  those  of  the  fruiting  stems  or  branchlets  are  rarely  heart- 
shaped,  but  are  ovate,  and  less  than  half  the  size  of  the  former.  Both  sorts 
are  rough  on  the  edges,  and  on  the  prominent  ribs  beneath,  and  are  barely 
pointed.  The  Carrion  Flower,  Smilax  herhacM,  Z.,  was  doubtftrlly  identified 
in  the  ravines  on  the  north  side  of  the  valley  at  Houston.] 

It  is  noticeable  that  many  of  the  valleys,  particularly  those  run- 
ning  east  and  west,  as  Crooked  creek  yalley,  have  the  bluffs  along 
the  north  side  of  the  creek  destitute,  or  nearly  so,  of  timber,  but 
are  heavily  timbered  along  the  opposite  bluffs,  on  the  south  side. 
This  may  be  due  to  warm  days  in  winter  or  early  spring,  when  the 
sap  may  have  started  in  the  trees  on  the  north  bluffs,  followed  by 
severely  cold  weather,  before  the  actual  setting  in  of  steady  warm 
weather.  Of  course  the  sun's  heat  would  be  quickest  felt  on  the 
bluffs  facing  south.  This  process,  repeated  for  a  good  many  years, 
would  injure  and  at  last  destroy  the  timber  on'  the  north  bluffs, 
if  it  were  ever  possible  for  trees  to  have  come  to  maturity  there, 
while  timber  on  the  south  bluffs  would  escape  these  sudden  change^, 
owing  to  the  shaded  condition  of  the  bluffs  during  the  warmest 
portion  of  the  day,  and  would  only  experience  a  steady  increase  of 
warmth  due  to  the  progress  of  the  season. 

The  Geological  Structure. 

The  rocks  of  Houston  county  are  embraced  wholly  within  the 
Lower  Silurian.     They  are  a»  follows  : 
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The  Trenton  limestone,  confined  to  the  southwestern  quarter. 

The  St.  Peter  Sandstone,  in  an  irregular  area  surrounding  the 
area  of  the  Trenton  above. 

The  Lower  Magnesian  formation,  comprising  the  three  parts, 
Shakopee  limestone^  Jordan  sandstone  and  St.  Lawrence  limestone, 
and  underlying  the  greater  portion  of  the  county. 

The  St.  Croix  sandstone,  which  is  found  only  in  the  bluffs  of  the 
Mississippi  and  Root  rivers,  and  of  their  tributary  valleys. 

The  accompanying  map  of  the  county  shows  the  superficial 
areas  to  which  each  of  the  foregoing  formations  pertains.  Owing 
to  the  frequent  deep  valleys  the  geographical  boundaries  of  the 
formations  make  very  crooked  and  tortuous  lines.  Although  these 
valleys  are  more  or  less  filled  with  the  loess  loam,  the  topography 
still  is  so  marked,  pertaining  to  and  even  caused  by  each  different 
formation  in  the  county,  that  the  outlines  of  the  geological  struc- 
ture are  very  evident  to  the  observer.  As  in  Fillmore  county, 
there  is  more  or  less  doubt  about  the  position  of  the  boundary  be- 
tween the  St.  Peter  and  the  Lower  Magnesian.  The  incoherency 
of  the  St.  Peter  causes  it  to  crumble  easily,  and  to  leave  no  evi- 
dence of  its  final  dissolution  where  the  exact  contact  between  the 
formations  cannot  be  examined — and  the  loam  generally  securely 
hides  this  horizon. 

The  Trenton  Limestone. 

The  greater  portion  of  this  formation,  which  is  found  within  the 
county,  is  of  the  Lower  Trenton,  so-called,  and  produces  the  same 
topographical  features  as  in  Fillmore  county.  The  reader  is  re- 
ferred to  the  report  of  progress  for  1875,  where  the  geology  of  that 
county  is  given,  and  the  effect  of  the  Lower  Trenton  on  the  sur- 
face features  is  discussed  and  illustrated  by  diagrams. 

This  formation  is  found  in  Spring  Grove  and  Willmington  town- 
ships. It  runs  also  in  a  narrow,  but  interrupted  belt,  nearly  to 
Caledonia,  where  it  may  be  distinctly  seen,  in  its  peculiar  features, 
and  its  flat-topped  mounds,  or  tables,  a  mile  west  of  that  village. 
There  is  reason  to  suppose  that  it  formerly  extended  much  farther 
east  than  it  does  now,  covering  the  most,  perhaps  the  whole,  of 
the  county,  and  being  continuous  with  the  horizon  of  the  same 
formation  on  the  east  of  the  Mississippi  river,  in  Wisconsin. 

The  usual  characters  of  the  Lower  Trenton,  both  lithological  and 
palsBontological,  were  the  only  ones  noticed  in  Houston  county 
It  has  been  opened  for  quarries  only  in  the  vicinity  of  Spring 
4 
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Grove.  It  generally  presents  a  stained  and  long* weathered  aspect, 
as  if  split  and  dissolred  by  the  action  of  water.  The  layers  are  at 
first  about  an  inch  in  thickness,  but  become  thicker,  by  adhering 
to  each  other,  on  being  wrought  to  some  depth,  and  possess  a  blue 
color. 

The  St.  PeUr  Sandstone* 

This  lies  next  below  the  Trenton.  Its  area  embraces  not  only 
the  slope  from  the  high  table-land  of  the  Trenton  area,  but  also  a 
belt  extending  in  width  from  the  foot  of  that  slope  over  the  more 
level  country  surrounding,  so  that  its  irregular  area  is  often  a  mile 
or  two  in  width.  As  already  remarked,  while  its  upper  limit  has 
a  very  easily  recognized  location,  by  reason  of  the  terrace  like 
topography  of  the  Lower  Trenton,  its  lower  horizon  is  often  veiy 
uncertain  on  account  of  the  very  easy  and  gradual  destruction  of 
its  layers,  and  the  prevalence  of  the  loess  loam. 

The  character  of  this  sandstone  in  Houston  county  is  about  the 
same  as  described  in  other  counties,  and  need  not  be  detailed  again 
here.  It  was  noticed,  however,  that  for  some  reason  it  is  more 
frequently  hardened  by  iron,  or  lime  and  iron  in  Houston  county, 
into  a  firm  rock,  which  causes  it  to  sustain  a  weathered  exposure 
without  crumbling  rapidly  away,  than  in  counties  further  north 
or  west  where  the  northern  drift  prevails.  This,  however,  is  purely 
an  accidental  and  surface  quality,  the  interior  of  the  formation 
being  about  the  same  as  at  other  places.  The  cement  which  it 
possesses  in  Houston  county,  in  its  exposed  portions,  in  excess  of 
the  same  at  other  points,  is  no  doubt  due  to  the  water  by  which  it 
has  been  submerged  and  stained  during  the  deposition  of  the  loess 
loam. 

The  thickness  of  the  St.  Peter  sandstone  was  very  satisfactorily 
ascertained  on  the  S.  W.  i  Sec.  17,  Wilmington.  The  well  of  Mr. 
0.  A.  Bye  is  situated  near  the  Trenton  blufP,  and  by  uniting  the 
known  depth  drilled  in  the  sandstone  with  aneroid  measurement 
of  the  bluff,  the  St.  Peter  was  found  to  be  between  75  and  80  feet 
thick,  the  Shakopee  below  having  a  thickness  of  64  feet. 

The  Shakopee  Limestone. 

The  continuity  of  this  formation  from  the  Minnesota  valley  to 
the  Mississippi,  and  its  identity  with  the  limestone  at  Shakopee, 
where  it  was  first  recognized  as  a  distinct  member  of  the  Lower 
Magnesian  in  Minnesota,  was  fully  established  in  the  survey  of 
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Houston  county.  It  is  everywhere  distinct  as  the  uppermost  por- 
tion of  the  Lower  Magnesian,  and  is  everywhere  separated  from 
the  other  great  calcareous  member  of  the  same  formation  by  a 
sandstone  as  distinct  and  continuous,  and  as  clearly  recognizable, 
as  the  St.  Peter  sandstone.  There  can  be  no  further  question  of 
its  existence  and  its  great  extent.  There  seems  every  reason  to 
believe  also  that  it  exists  across  the  Mississippi,  in  the  state  of 
Wisconsin,  but  at  this  time  there  is  no  distinct  published  notice  of 
its  occurrence  there.  The  Lower  Magnesian  in  Wisconsin  has 
been  divided  by  Prof.  R.  Irving,  of  the  (Jeological  Survey  of  Wis- 
consin, into  three  parts,  as  exemplified  near  Madison,  (American 
Journal  of  Science  and  ArtSy  June^  1875,)  but  there  is  much  reason 
to  believe  that  his  proposed  subdivisons  do  not  include  the  Shako- 
pee  limestone  at  all,  and  that  the  distinctions  in  the  Lower  Mag- 
nesian which  he  mentions  are  wholly  confined  to  the  St.  Lawrence 
limestone  of  Minnesota.  This  subject  was  discussed  by  the  writer 
in  the  Bulletin  of  the  Minnesota  Academy  of  Natural  ScienceSj  for 
1875,  when  this  hypothesis  was  first  published.  It  is  rendered 
still  more  plausible,  in  the  absence  of  further  facts  in  Wisconsin, 
from  the  fact  that  even  in  Houston  county  the  St.  Lawrence  ex- 
hibits variations  of  composition  and  lithology  which  are  compar- 
able to  those  Prof.  Irving  describes. 

The  characters  of  the  Shakopee  in  Houston  county  are  not  no* 
ticeably  different  from  those  mentioned  in  the  reports  of  progress 
for  1873  and  1875.  Its  bedding  is  much  less  regular  than  that  of 
the  St.  Lawrence.  It  is  apt,  indeed,  to  be  disturbed  by  cherty,  or 
concretionary  masses,  which  on  the  weathering  away  of  the  bluffs 
become  detached  and  fall  into  the  bottom  of  the  valley,  where  they 
lie  long  after  the  non-silicious  portions  of  the  rock  have  dissolved 
and  disappeared.  Such  cherty  lumps  are  often  a  foot,  or  even  two 
or  three  feet  in  diameter.  They  are  roughened  by  cavities  opening 
on  the  surface,  by  dissolution  of  the  most  calcareous  parts,  and  by 
the  natural  openings  and  pores  they  acquired  in  the  act  of  forma- 
tion. They  are  the  only  portions  of  the  formation  in  which 
fossils  have  been  found  in  Houston  county.  These  masses  some- 
times show  surfaces  of  drusy  quartz  crystals,  also  amethyst  crystals^ 
and  great  quantities  of  pyrites,  oxydized  and  hydrated  so  as  to 
produce  a  limonite,  the  form  of  the  crystal  alone  remaining  to 
indicate  the  original  mineral.  A  careful  study  of  these  fossils  has 
not  yet  been  made,  but  there  is  some  evidence,  from  the  handling 
to  which  some  of  them  hare  been  subjected  in  the  examination  of 
the  Trenton  fossils  now  going  on,  that  the  Shakopee  limestone  is 
the  equivalent  of  the  Chazy  of  New  York,  a  formation  which  has 
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not  been  recognized  in  the  state,  though  the  St.  Peter  has  been 
regarded  by  Prof.  Hall  as  its  equivalent. 

This  formation  does  not  appear  in  the  blufib  of  the  Mississippi 
river,  in  Houston  county,  nor  in  those  of  Root  river  generally  ; 
but  its  line  of  strike  is  some  miles  back  in  the  country  away  from 
the  immediate  bluffs.  This  is  due  to  the  crumbling  nature  of  the 
Jordan  sandstone  which  underlies  it,  and  which  operates,  in  that 
respect,  to  tear  down  the  Shakopee  in  the  same  manner,  and  for 
the  same  causes,  as  the  St.  Peter  on  the  Trenton.  To  this  fact, 
and  to  its  general  resemblance  to  the  St.  Lawrence  limestone,  may 
be  attributed  the  non-discovery  of  this  limestone  by  the  United 
States  geologists  who  have  reported  on  the  geology  of  the  state,  or 
by  others,  whose  examinations  were  largelv  confined  to  the  main 
water  courses,  before  the  general  settlement  of  the  state  and  the 
construction  of  good  roads.  Its  area  is  embraced,  on  the  colored 
map  of  the  county,  in  that  assigned  to  the  Lower  Magnesian. 

This  limestone  may  be  seen  frequently  in  the  central  portion  of 
the  county,  in  the  upper  reaches  of  the  ravines  which  radiate  in 
all  directions  from  the  vicinity  of  Caledonia.  It  is  seldom  quar- 
ried, or  used  for  any  purpose,  for  the  St.  Lawrence  limestone  is 
generally  accessible  in  the  immediate  neighborhood,  and  that  is 
much  more  desirable  for  building-stone,  or  for  lime-making.  In 
descending  the  ravine  toward  the  quarries  east  of  Caledonia  the 
Shakopee  is  the  first  limestone  seen  exposed.  The  quarries  are 
much  lower — in  the  St.  Lawrence.  It  may  be  seen  also  in  the  upper 
tributary  valleys  that  feed  Badger,  Beaver,  Crystal  and  Thompson 
creeks.  It  causes  the  first  rugged  or  rocky  portion  of  those  val- 
leys. It  is  exposed  in  the  tops  of  the  bluffs  at  the  great  spring, 
Sec.  17,  Caledonia,  three  miles  south  of  Sheldon.  Its  thickness  at 
Mr.  0.  A.  Bye*s,  Sec.  17,  Willmington,  when  drilled  through,  was 
found  to  be  64  feet,  which  is  probably  about  its  average  thickness 
throughout  the  county. 

The  Jordan  Sandstone. 

The  lithological  features  of  this  sandstone  are  nearly  the  same 
.as  those  of  the  St  Peter,  bat  it  has  only  about  one-half  the  thick- 
ness of  the  St.  Peter.  Its  area  of  outcrop  is  quite  small,  and  its 
exposures  are  few.  As  it  lies  between  two  hard  limestones,  which 
are  apt  to  form  perpendicular,  walled  bluffs,  its  line  of  outcrop  is 
known  by  a  belt  of  non-exposure  of  rock  separating  the  Shakopee 
from  the  St.  Lawrence,  which  is  less  steep  in  the  ascent,  and  per- 
haps turfed  over.    It  often  becomes  rusty  and  firm  &om  a  cement 
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of  iron,  when  it  endures  longer  exposure,  and  is  seen  as  detached 
blocks  in  the  valleys.  Some  blocks  of  this  kind  are  visible  by  the 
roadside  in  the  ravine  that  descends  to  the  quarries  of  Aifcin  and 
Molitor,  a  mile  east  of  Caledonia. 

The  St.  Lawrence  Limestone, 

This  is  the  most  important  formation  in  the  county.  It  not 
only  occupies  a  greater  superficial  area  of  outcrop  than  any  other, 
but  it  takes  the  most  prominent  part  in  causing  the  varied  topog- 
raphy of  the  county.  It  surmounts  the  St.  Croix  sandstone,  an 
easily  eroded  rock,  into  which  the  valleys  are  deeply  and  rapidly 
cut,  and  maintains  a  bold  and  sharp  outline  along  their  tops.  It 
is  the  immediate  cause  of  a  great  many  hills  and  ridges.  It  con- 
fronts the  observer  in  every  nook  and  on  every  promontory,  along 
the  whole  course  of  the  Root  river,  and  down  the  Mississippi  bluffs 
as*  far  as  the  state  line,  arid  it  is  especially  conspicuous  in  the  little 
valleys  that  ascend  from  the  streams,  and  that  often  are  more  rocky 
than  the  larger  valleys. 

The  thickness  of  the  St.  Lawrence  in  Houston  county  is  about 
200  feet,  though  other  geologists  have  reported  it  as  250  feet  thick 
at  La  Crosse.  It  is  a  dolomite,  or  magnesian  limestone.  Its  lay- 
ers, while  generally  regular  and  useful  as  a  building-stone,  are 
also  sometimes  very  much  brecciated,  rendering  it  at  once  more 
firm,  but  also  more  refractory.  It  furnishes  more  stone  for  build- 
ing than  all  the  other  formations  of  the  county  combined.  It  is  of 
a  light,  lively  color,  and  endures  the  weather  perfectly,  showing 
not  the  least  change  in  the  oldest  buildings  in  which  it  has  been 
used 

The.  St.  Croix  Sandstone. 

This  name  was  applied,  in  the  first  annual  report,  provisionally 
to  the  light-colored  and  often  friable  sandstones  which  occur  along 
the  Mississippi  river  in  Minnesota,  and  which  have  by  some  been 
regarded  as  the  stratigraphical  equivalent  of  the  Potsdam  sand- 
stone of  New  York.  This  was  done  because,  in  the  existence  of 
another  formation,  of  different  lithology,  affirmed  also  to  be  the 
equivalent  of  the  New  York  Potsdam,  it  was  necessary  to  have 
some  designation  for  each  of  them.  It  seemed  from  considerations 
there  given,  that  the  lower  of  these  two  sandstones  was  the  prob- 
able equivalent  of  that  formation  in  New  York,  and  in  subsequent 
reports,  while  no  facts  have  been  gathered  that  confirmed  that 
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Tiew,  the  survey  not  having  been  carried  on  where  these  rocks  are 
exposed,  the  provisional  name  has  been  continued.  It  is  only  in 
the  county  of  Houston  that  any  opportunity  has  been  afforded  for 
an  examination  of  this  formation,  since  the  season  of  1872. 

It  is  not  intended  here  to  enter  upon  an  examination  of  the 
evidences  of  the  parallelism  of  this  sandstone  with  any  eastern 
formation,  nor  to  cite  or  compare  authorities  oneway  or  the  other. 
Considerable  has  been  written  on  the  sandstones  of  the  Lake 
Superior  region  as  developed  in  Michigan,  Wisconsin  and  Canada, 
tending  to  show  the  existence  of  two  distinct  sandstone  formations. 
Prof.  Irving  (American  Journal,  3rd  Series,  Vol.  VIII,  p.  46.) 
reports  three  different  sandstones  existing  in  the  northwest  in- 
volved in  this  disputed  horizon,  as  exemplified  in  his  study  of 
northwestern  Wisconsin,  viz.:  (1)  Copper-bearing,  highly  tilted 
sandstones,  conglomerates  and  shales,  associated  with  trap.  (2) 
Horizontal,  aluminous,  red  sandstones,  lighter  than  those  associated 
with  the  trap,  which  ^^  appear  to  dip  underneath  the  light  colored 
Lower  Silurian  sandstones  of  the  Mississippi  Valley,"  and  (3)  the 
light-colored  sandstones  of  ihe  Mississippi  valley.  In  this  he 
agrees  with  Dr.  C.  Rominger  (Vol.  I,  p.  95,  Palfwozoic  Rocks, 
Geological  Survey  of  Michigan,)  who  makes  them — (1)  Copper- 
bearing  rocks,  (2)  Lower  Division  of  the  Lake  Superior  sandstone, 
and  (3)  the  Upper  Division  of  the  Lake  Superior  sandstone. 
Brooks  and  Pumpelly,  however,  do  not  make  mention  of  but  two 
series  of  sandstones  in  the  Lake  Superior  region,  viz. ;  (1)  The 
copper-bearing  series,  and  (2)  the  Silurian  sandstones.  (Michigan 
Geological  Survey.  Vol.  1.  Part  I,  pp.  75  and  185;  and  Part  II. 
p.  1.)  Foster  and  Whitney  in  1851  referred  all  the  sandstones  in 
question  to  the  Potsdam  of  N.  Y.,  regarding  them  as  deposited 
over  an  uneven  surface,  producing  local  cross-stratification  and 
unconformability.  (Report  on  the  Geology  of  the  Lake  Superior 
Land  District.  Part  II,  p.  120.)  In  this  they  were  seconded  by 
Prof.  James  Hall,  and  followed  by  Prof.  J.  D.  Dana  in  his  Geo- 
logical Manual,  First  Edition. ,  More  lately,  in  1862,  Prof.  Hall 
parallelized  the  uppermost  of  these  sandstones  with  the  New  York 
Potsdam,  (16th  Regents'  Eleport,  p.  119,)  with  the  cautionary 
remark  that  "it  may  not  yet  be  regarded  as  proved  that  the  sand- 
stone from  which  I  have  described  these  fossils  is  in  all  respects 
the  equivalent  of  the  Potsdam  sandstone  of  New  York,  Vermont 
and  Canada.  It  may  represent  more,  or  it  may  represent  less  than 
that  formation.  The  lower  accessible  beds  of  the  Mississippi  val- 
ley may  represent  the  Potsdam  of  one  hundred  and  fifty  or  two 
hundred  feet  in  thickness  in  the  typical  localities  in  New  York, 
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while  the  middle  and  upper  beds  of  the  west  may  be  of  epochs  not 
represented  in  that  part  of  the  series  studied  in  New  York. "  As 
long  as  the  Potsdam  sandstone  at  the  typical  localities  in  New 
York  was  accepted  as  the  base  of  the  fossiliferous  primordial  strata, 
while  at  the  west  there  are  two  recognized  sedimentary  sandstones, 
though  not  yet  proved  fossiliferous,  lying  below  the  sandstones  of 
the  Mississippi  valley,  it  seems  quite  presumptions  to  affirm  the 
horizontality  of  the  light-colored  sandstones  with  the  New  York 
Potsdam,  especially  when,  as  admitted  by  Prof.  Hall,  '^  there  are  no 
species  of  fossils  in  the  western  sandstones  which  are  positively 
identical  with  those  of  New  York. "  It  would  be  more  in  keeping 
with  recognizing  stratigraphical  laws,  to  allow  that  formation 
which  in  New  York  begins  with  the  top  of  the  "  azoic"  to  begin 
there  also  in  Minnesota. 

In  this  state  of  the  question  concerning  these  sandstones  it 
seems  justifiable  to  retain  for  the  present  the  term  St.  Croix,  inas- 
much as  there  can  then  be  no  misunderstanding  of  the  horizon 
under  consideration.  It  is  perfectly  legitimate,  in  the  further 
investigation  of  this  question,  for  the  geologists  of  states  farther 
east  to  inquire  which  of  the  sandstones  lying  below  these  beds 
may  be  the  equivalent  of  the  New  York  Potsdam,  for  it  seems  as 
,if  on  ascertained  stratigraphical  evidence,  as  well  as  on  lithological 
and  palseontological  facts  that  are  undisputed,  these  beds  occupy 
a  much  higher  horizon.  They  seem  rather  to  be  embraced  in  the 
great  calciferous  or  Canadian  epoch. 

Although  these  sandstone  beds  occupy  the  river  blu£Ps  along  the 
Mississippi  and  the  Boot  river  throughout  the  county,  they  t^ord 
but  very  few  opportunities  for  satisfactory  examination.  They  are 
in  the  lowest  part  of  the  bluffs  and  are  generally  hid  by  a  sloping 
talus  that  is  usually  turfed  over.  The  only  point  at  which  a  useful 
section  of  their  composition  could  be  had  was  at  Hokah.  The 
general  section  at  this  place,  as  nearly  as  it  could  be  made  out,  is 
as  follows,  in  descending  order : 

General  Section  at  Hokah. 

Feet. 

St.  Lawrence  Umestone,  of  the  Lower  Magneslan,  aboat 200 

Slope,  UDseen 80 

SandstODe,  line  of  constant  exposure 80 

Slope,  lock  nnseen • 30 

Whitman's  quarry,  made  up  as  follows : 

1.  Broken,  shaly,  and  sandy,  crumbling  and  fh&gmentary  . .  •  • 10 

2.  Shale  bed,  greenish,  with  remains  of  trilobites •  •  •  •  •      i 
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8.  ToDgta,  perslfltent  layers,  like  an  Indnrated,  arenaceoos  shale* 

with  green  sand,  in  thin  layers li 

4.  CrnmbliDg  sand,  in  obliqne  stratification 8 

Rock  very  similar  to  No.  8  extends  downward,  covering  the  horizon  of 
an  old  quarry  east  of  Hokah,  now  abandoned  as  worthless,  embrac- 
ing a  thickness,  that  is  generally  a  tarfed  slope,  of  about 150 

Rusty,  coarsely  arenaceous  sandrock  with  Lingulepis  (Llngula) 10 

Crumbling,  white  sandrock,  massive 25 

Variegated,  arenaceous  quartzyte,  purple  and  white,  hard  and  persistent, 

level  with  the  top  of  the  dam 2 

Massive,  white  sandrock 20 

Total  rock,  about • 528 

The  hight  of  Mt.  Tom  at  Hokah,  by  aneroid,  above  the  flood 
plain,  was  found  to  be  530  feet. 

At  an  old  quarry  east  of  Hokah,  and  across  Thompson's  creek, 
now  abandoned  because  the  rock  is  worthless  for  all  purposes,  the 
general  aspect  of  the  layers  is  much  like  that  at  Whitman's  quarry, 
but  the  sand  is  less  firmly  cemented,  making  a  stone  not  so  good. 
It  is  a  shaly  and  arenaceous  standstone,  of  coarse  and  fine  grain, 
marked  with  fucoids  and  abundant  greensand,  and  is  below  the 
stratigraphical  level  of  Whitman 's.  In  the  same  bluJBF,  about  twen- 
ty-five feet  higher,  is  a  blind  shoulder  or  terrace  which  is  more  likely 
to  contain  the  layers  of  Whitman's  quarry.  This  stone  as  taken 
from  Whitman's  quarry,  although  very  shaly,  becomes  firm  and 
enduring  on  exposure. 

At  Houston  the  bluffs  north  of  the  village  are  520  feet  in  hight, 
and  of  this  the  lower  420  feet  at  least  belongs  to  the  St.  Croix 
sandstone.  They  probably  contain  the  St.  Croix  20  feet  further 
up,  shown  by  the  toppling  over  of  huge  blocks  of  St.  Lawrence 
limestone,  from  the  crumbling  out  of  friable  sandrock  along  the 
salient  angles  of  the  bluffs.  The  interval  of  the  sandstone  layers 
is  mainly  turfed  over  so  as  to  render  an  inspection  of  their  con- 
tents impossible,  except  at  points  near  the  top  and  near  the  bot- 
tom. There  is  a  line  of  nearly  constant  exposure  about  40  feet 
below  the  top  of  the  St.  Croix,  occupying  an  interval  of  30  or  40 
feet,  which  is  particularly  noticeable  along  the  north  side  of  the 
river,  and  was  mentioned  in  the  report  on  Fillmore  county.  There 
is  another  exposure  of  these  beds  near  the  level  of  the  river 
at  the  dam  at  Houston.  The  former  consists  of  a  hard,  firm  sand- 
rock, and  the  latter^is  soft  and  crumbling,  with  cross  stratifica- 
tion. Above  the  line  of  constant  exposure,  about  25  feet,  is  a 
blind  terrace  which  occasionally  reveals  the  rock  which  causes  it. 
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It  is  a  sandstone,  and  is  included  in  the  foregoing  thickness  of  420 
feet. 

At  one  mile  north  of  Sheldon  there  is  an  apparent  dip  in  the 
outcropping  upper  edge  of  the  St.  Croix,  as  it  strikes  across  the 
bluffs.  Its  direction  is  perhaps  a  little  west  of  south,  and  amounts 
to  two  or  three  degrees.  It  is  entirely  local,  and  the  correspond- 
ing upward  dip  in  the  opposite  direction  is  invisible.  The  bluffs 
south  and  north  have  their  usual  hight.*  No  such  dip  was  noticed 
in  any  other  part  of  Houston  county,  but  it  is  very  likely  this  is 
on  the  strike  of  the  noticeable  dip  in  these  formations  which  has  • 
been  mentioned  by  Dr.  Owen  and  by  the  geologists  of  Iowa  as 
occurring  in  the  bluffs  of  the  Mississippi  river  at  McGregor  and 
Lansing,  in  the  State  of  Iowa. 

In  Caledonia  township.  Sec.  2,  the  following  section  was  taken: 

Section  covering  the  junction  between  the  St.  Croix  and  the  St. 

Lawrence. 

Feet. 

Slope,  covered  with  large  blocks  of  llmeslone 200-800 

Even  layers  of  limestone  quarried 12 

Hid.    Mainly  limestone,  like  the  next 40 

Limestone,  broken  and  carling  bedding.    Gherty,  aredaceous  or 

massive  with  some  green  sand 25 

Lime  and  sand,  lumpy  with  irregular  concretions,  mainly  massive . .      15-20 

Soft  sand,  with  cemented  or  qoartzitic  lenticolar  lumps 10 

Soft,  massive  sand.    (Causes  the  blind  terrace  at  Houston) 25 

The  line  of  constant  exposure  mentioned  as  occurring  at  Hous- 
ton, near  the  top  of  the  St.  Croix  sandstone,  lies  below  this 
section.  This  line  is  more  evident  in  the  north  than  on  the  south 
bluflfs— due,  probably,  to  the  erosive  action  of  the  prevailing 
winds,  which  are  from  the  southwest,  and  to  the  greater  scarcity 
of  timber  on  the  north  blufife,  as  already  noted  under  the  head  of 
SoU  and  Timbe7\ 

The  fossils  that  have  been  gathered  from  this  formation  consist 
very  largely  of  trilobite  remains.  They  will  be  examined  as  op- 
portunity may  be  afforded  in  the  fiiture  progress  of  the  survey. 

On  Sec.  11,  Union  township,  the  sandstone  which  has  been 
mentioned  as  having  a  nearly  constant  line  of  exposure,  is  sculp- 
tured, along  the  north  bluffs,  into  isolated  columns  and  tables, 
with  some  rounded  buttresses  which  present  a  very  conspicuous 
and  highly  interesting  instance  of  atmospheric  erosion.     There 

«  Comimre  Geology  oflowa,  HdU  db  WkiiMy^  1858,  Pari  I  J,  p,  61.  ^  . 
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can  be  no  doubt  that  the  blufi^  themselves  are  the  result  of  the 
erosion  of  the  valley  by  water  by  a  process  that  began  thousands 
of  years  before  the  glacial  epoch,  but  the  present  condition  of  most 
of  the  curious  forms,  like  that  of  the  "sdulptured  bluflfs,"  is  cer- 
tainly due  to  the  effect  of  wind  in  conjunction  with  moisture  and 
frost.  There  are  also  cavities  and  sheltered  nooks,  and  deep,  crooked 
passages  and  sharp  niches  in  which  the  wind  could  barely  enter, 
and  from  which  there  could  not  have  been  any  wind  exit  sufficient 
to  have  maintained  a  current  capable  of  producing  the  most  of  this 
sculpture,  which,  moreover,  are  lichen*covered,  and  bear  an  aspect 
of  age  and  roughness  that  forbids  their  reference  to  any  present 
atmospheric  forces.  These  can  be  explained  only  by  the  solvent 
action  of  water  in  agitation,  and  are  comparable  to  the  purgato- 
iries  that  are  often  seen  about  the  rocky  shores  of  lakes  or  of  the 
•ocean.  But  when  the  rock  shows  a  recent,  fresh  erosion,  and  is 
.^oft  and  crumbling,  the  present  forms  are  due  to  more  recent 
•causes,  and  can  only  be  assigned  to  wind  and  frost. 

The  Drift. 

The  true  northern  drift  is  not  spread  over  this  county.  It  con- 
tains no  drift  clay,  nor  boulders  of  foreign  origin.  There  is  a  thin 
•deposit  of  foreign  gravel  at  Biceford,  in  the  extreme  southwestern 
part  of  the  county,  and  there  is  a  terrace  along  the  Mississippi 
river  that  is  made  up  of  gravel  and  sand  of  northern  origin,  but 
ihis  county  wholly  escaped  the  operation  of  those  forces  which 
spread  the  well-known  drift  clay  and  boulders  over  the  most  of  the 
rstate.  Whether  any  former  glacial  era  caused  it  to  be  covered 
with  the  ice  of  the  northern  glaciers  cannot  be  determined,  since 
the  materials  left  by  that  era,  if  any  there  were,  may  have  been 
•decomposed,  and  may  have  entered  into  the  stratified  clays  and  the 
soils  of  the  Mississippi  valley  further  south  under  the  combined 
influence  of  time,  and  the  intense  activity  of  the  destructive  forces 
of  the  latest  glacial  era. 

There  is  to  be  seen  occasionally  a  local  drift,  or  debris,  derived 
from  the  rock  of  the  country  round  about,  and  this  sometimes  has  a 
deceitful  resemblance  to  true  northern  drift,  yet  it  can  always  be 
distinguished  from  it  on  examination.  On  the  northwest  quarter 
of  section  25,  Caledonia,  along  the  road,  near  the  brow  of  the 
Shakopee  limestone,  there  is  a  bank  of  such  loose  materials.  There 
is  a  cut  of  about  three  feet,  which  consists  mainly  of  rusty  loam, 
rather  sandy,  embracing  large  masses  of  black  quartzite,  which 
also  vary  to  a  lighter  color  but  show  very  little,  if  any,  lime. 
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Other  lumps  consist  of  pyrite  crystals,  now  converted  to  limonite, 
and  of  rusty,  hardened  sandstone,  perhaps  from  the  St.  Peter. 
These  last,  indeed,  comprise  perhaps  a  majority  of  the  stony  masses. 
There  are  also  large  quantities  of  ordinary  chert,  and  an  occasional 
piece  of  water- worn  limestone.  The  bank  shows  no  stratification, 
but  consists  of  these  materials  simply  mingled  with  the  loam.  The 
whole  appears  red  and  rusty,  but  discloses  not  a  single  piece  but 
can  be  referred  to  the  Lower  Magnesian  formation. 

As  to  the  cause  of  this  exemption  of  a  part  of  southwestern 
Minnesota,  and  portions  of  Wisconsin,  Iowa  and  Illinois  adjacent, 
from  the  forces  of  the  northern  jjtrift  epoch,  there  has  been  but  one 
opinion  advanced,  so  far  as  the  writer  is  aware.  It  is  that  of  Prof. 
J.  D.  Whitney,  who  attributes  it  to  the  non-submergence  of  this 
region  since  the  deposit  of  the  Silurian  rocks  and  their  elevation  above 
the  ocean.  If  it  were  demonstrated  or  generally  believed  that  the 
prevalence  of  the  drift  in  other  parts  of  the  Northwest,  in  the 
same  latitude,  is  due  to  the  submergence  of  the  continent  beneath 
the  ocean  since  the  Tertiary  age,  this  assumed  cause  would  be 
apropos.  But  on  the  contrary  it  is  pretty  generally  agreed  by 
geologists,  both  in  Anlerica  and  Europe,  that  the  drift  is  due  to 
the  former  existence  of  glaciers  that  covered  the  surface  of  the 
country,  and,  moving  generally  southward,  not  only  brought  from 
the  northern  regions  the  foreign  substances  that  constitute  the 
drift,  but  required,  for  their  existence,  that  the  land  surface  should 
be  raised  several  hundred  feet  at  least  above  the  ocean  during  their 
prevalence.*  Again  there  is  every  reason  to  suppose  this  region 
has  been  submerged  since  the  age  of  the  Silurian.  It  is  difficult  to 
conceive  what  could  have  produced  the  horizontal  lamination  of 
the  loess  loam,  unless  it  be  attributed  to  the  action  of  standing,  or 
but  slightly  agitated  water.  This  loam  not  only  exists  along  the 
immediate  river  valley,  but  is  spread  widely  over  the  highlands  of 
the  whole  district.  It  is  true  there  is  no  evidence  of  its  having 
been  the  product  of  marine  depositions,  on  the  contrary  it  is  evi- 
dently of  fresh  ivater  origin  ;  but  that  the  country  has  been  deeply 
submerged  and  remained  so  for  a  long  period  within  recent  geolog- 
ical time  can  hardly  be  questioned.  There  is  also  reason  to  believe 
that  some  portions  of  it  were  buried  beneath  the  waters  of  the 
Cretaceous  ocean. 

In  the  light  of  the  more  recent  investigations  of  geologists  it 
is  safe  to  take  for  granted  the  following  conclusions  respecting  the 
drift,  so  far  as  they  bear  on  this  question. 

*  Those  InterMted  in  this  subject  wUl  find  It  ezhaastively  treated  In  James  Geikie*s 
Great  /e«  Age,  and  iU  rOation  to  <A<  €uiHquUy  qf  Man,   Second  Edition,  1877.  j 

Digitized  by  VJ^^V  IC 


36  GEOLOGICAL  AND  NATURAL  HISTORY 

Ist.  That  the  earth  suflfers  such  changes  of  climate  that,  after 
the  lapse  of  long  periods,  the  temperate  latitudes  become  frigid, 
and  are  covered  with  continental  ice-fields  or  glaciers,  which  have 
a  slow  movement  southward. 

2d.  That  between  these  periods  conditions  of  more  genial  cli- 
mate prevail,  when  vegetation  and  animal  life  return  slowly  to 
inhabit  the  countries  from  which  they  had  been  driven  by  the 
rigors  of  the  previous  cold. 

3d.  That  the  severity  of  the  cold  during  the  successive  glacial 
epochs  is  not  always  the  same ;  but  that  the  ice-fields  are  more 
extensive  during  some  than  durin|;  others. 

These  continental  ice-fields,  while  conforming  in  general  to  the 
laws  and  conditions  of  a  solid,  yet  exhibited,  as  glaciers  do  now, 
many  of  the  characteristics  of  a  plastic  body,  warped  and  moved 
by  the  force  of  gravity,  and  hence  exemplified  many  of  the  princi- 
ples of  running  water.  The  tendency  for  them  was  to  seek  the 
low  lands  and  to  avoid  the  natural  obstructions  presented  by  moun- 
tains or  by  hills. 

In  examining  the  topography  and  the  geological  structure  of  the 
country  lying  to  the  north  of  this  so-called  driftless  tract,  it  is  evi- 
dent that  the  great  valley  of  the  Lake  Superior  region,  once  occupied 
by  glacial  ice,  would  overflow,  both  first  and  last,  along  the  lines 
of  the  lowest  outlet,  and  that  perhaps  the  higher  and  less  passable 
parts  along  its  southern  barrier-shore  would  never  be  entirely  sur- 
mounted. The  continental  glacier,  in  this  region,  would  flow 
toward  the  southwest  or  south,  guided  by  the  main  topographical 
features.  In  north-central  Wisconsin  is  an  isolated  area  of  gran- 
itic and  metamorphic  rock,  which  not  only  extends  to  the  shore  of 
Lake  Superior,  but  wedges  out  northeastwardly  in  the  form  of  a 
long,  high  and  persistent  point  or  spur,  in  the  southern  part  of 
Lake  Superior,  known  as  Kewenaw  Point,  in  the  State  of  Michi- 
gan. It  is  plain  to  see  that  this  point  would  act  on  a  crowding 
but  somewhat  flexible  mass  of  ice  as  an  entering  wedge  to  split  it 
into  two  main  masses,  and  that  the  widening  of  the  wedge,  in  the 
granitic  region  of  northern  Wisconsin,  would  perpetuate  the  divis- 
ion so  as  to  cause,  if  other  topography  were  favorable,  a  constant 
flow  along  the  northwest  side,  and  another  in  a  more  southerly 
direction,  that  would  spread  over  northern  Michigan  and  find  its 
easiest  exit  through  the  valleys  of  lakes  Michigan  and  Huron. 
According  to  Prof.  R.  Irving,  and  Messrs.  Foster  &  Whitney,*  the 
western  end  of  Lake  Superior  lies  in  an  Archaean  synclinal  trough 

•AmeHean  Journal  nf  8oienc€,  3d  Serie*,  VoL  VIII,  p.  64.  Report  on  the  Geology  of  tbe 
Lake  Superior  Land  District. 
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running  southwesterly.  This  again  would  divert  the  flowing  ice 
over  the  northeastern  portions  of  Minnesota  to  the  expense  of 
northern  Wisconsin.  Glacial  scratches  on  the  rocks  at  Duluth, 
at  the  western  extremity  of  the  lake,  have  a  west-southwesterly 
direction. 

Now  it  is  a  striking  coincidence  that  this  driftless  tract  lies 
nearly  south  and  in  the  lee  of  this  wedge-like  area  of  metamorphic 
rock,  and  would  be  protected  from  the  ice-flow  by  it.  It  is  hence 
reasonable  to  infer  that  the  absence  of  the  drift  in  this  region  is 
due  to  the  existence  of  this  protecting  barrier  lying  to  the  north 
of  it  in  Wisconsin,  while  further  to  the  south  the  two  main 
branches  of  the  ice-flow  again  united  and  spread,  before  their  final 
retirement,  a  continuous  sheet  of  drift  over  central  Illinois,  and 
southern  Iowa. 

It  is  very  evident,  from  the  fact  that  the  remains  oran  older  drift 
sheet  are  found  under  the  loam  in  some  of  the  western  parts  of  this 
tract,  (see  report  on  Fillmore  county,)  while  the  latest  drift  sheet 
does  not  spread  so  far  nor  so  wide,  that  the  last  period  of  cold  was 
far  less  intense  than  some  former  one  had  been.  This  last  drift 
sheet  is  spread  over  the  ancient  soil,  containing  vegetation  in  a 
nearly  continuous  layer,  the  remains  of  a  forest  which  flourished 
between  the  two  glacial  periods,  along  the  margin  of  the  last  ice- 
field. This  belt,  characterized  by  buried  soils  and  wood,  crosses 
Fillmore  and  Olmsted  counties,  and  it  is  probably  true  that  wher- 
ever such  remains  are  found,  in  a  flat  country  like  southern  Min- 
nesota, lying  under  glacial  drift,  they  mark  the  point  where  glacier 
ice  ceased  to  act  powerfully  enough  to  disrupt  the  old  soils.  Such 
ancient  soils  may  have  existed  on  the  top  of  older  glacial  drift,  or 
on  any  other  surface.  It  is  probable  that  it  was  during  the  pre- 
valence of  the  last  glacial  period,  or  just  as  the  ice  began  to  recede 
so  as  to  produce  copious  waters,  that  the  loess  loam  of  the  Missis- 
sippi valley  was  deposited  over  this  region,  and  that  at  the  same 
time  the  waters  of  the  Minnesota  were  augmented  by  the  drainage 
of  the  entire  Winnepeg  and  Red  river  valleys  through  its  channel, 
some  of  them  at  first  reaching  the  Mississippi  through  the  Cannon 
and  the  Vermillion  river  valleys.  At  first  these  waters  spread  ir- 
regularly and  widely,  fluctuating  with  the  seasons,  so  as  to  leave  no 
recognizable  beach  lines  ;  but  at  length  when  the  most  of  the  state 
had  been  left  by  the  retreating  glacier,  they  became  more  unifonn 
in  their  volume  and  were  confined  to  the  actual  river  gorge.  They 
seem  to  have  maintained,  for  a  long  period,  a  pretty  uniform  stage 
at  this  point,  for  when,  on  the  drainage  of  the  Winnepeg  basin 
toward  the  north,  consequent  on  the  final  retreat  of  the  ice  beyond 

Digitized  by  XJJKJKJWIK. 


38  GEOLOGICAL   AND  NATUBAL  HI8T0BT 

•  the  mouth  of  the  Nelson  river,  in  British  America,  the  Min- 
nesota was  reduced  to  about  its  present  dimensions,  a  high  terrace 
was  left  along  the  Mississippi,  through  all  this  driftless  region  and 
also  further  south.  The  high  water  in  the  Mississippi  ascended 
the  gorges  of  the  tributary  streams,  retarding  their  flow  and  caus- 
ing similar  terraces  along  their  lower  reaches. 

[NoTB.— In  the  report  for  1875  it  was  stated  (page*66)  .that  no  drift-clay 
like  that  which  covers  the  western  part  of  Fillmore  county  had  been  seen 
overlain  by  the  loess-loam,  except  that  which  pertains  to  the  general  drift 
sheet  of  the  northwest,  where  the  loam  overlaps  the  later  drift.  In  passing 
through  Fillmore  county  in  1876,  the  remains  of  this  ancient  drift  sheet  were 
seen  at  numerous  places  between  Sec.  4,  Canton,  and  Lenora.  At  one  point 
it  is  a  light-colored,  or  ashen,  gravelly  clay  which  above  is  very  irony  or 
rusty.  Over  t^e  surfttce  are  numerous  Aragments  of  chert  with  some  small 
boulders  of  granite,  and  greenstone,  and  Jasper  and  quartzite  pebbles.  This 
is  the  first  satisfactory  identiflcation  of  the  old  gravelly  clay  within  the 
loam-covered  area,  or  driftless  tract.  It  is  covered  with  several  feet  of 
loam.    It  is  seen  similarly  N£.  i,  Sec  12,  Canton.] 

Alluvial  Terraces. 

There  is  a  marked  alluvial  terrace  that  accompanies  the  Missis- 
sippi and  Root  rivers,  and  ascends  their  lower  tributaries,  but  it 
does  not  seem  to  be  true  that  all  the  streams  are  terraced  before 
reaching  the  level  of  this  terrace.  This  indicates  that  the  high 
water  which  produced  that  terrace  was  due  to  backing  up  from  the 
Mississippi,  and  that  possibly  the  country  itself  in  general  was  not 
more  wet  than  it  is  at  present ;  in  other  words,  that  the  amount 
of  surface  drainage  that  passed  down  the  valleys  was  no  greater 
than  now.  Root  river  was  simply  wider  and  deeper,  with  a  slug- 
gish current,  due  to  the  greater  volume  of  the  Mississippi.  The 
highest  point  at  which  the  terraced  condition  of  Root  river  has 
been  observed  is  Preston,  in  Fillmore  county,  but  it  must  certainly 
extend  several  miles  further  up  that  valley.  By  aneroid  measure- 
ments, united  with  levels  of  the  S.  M.  R.  R.,  the  hight  of  this 
terrace  at  Preston  is  found  to  be  about  300  feet  above  the  Grand 
Crossing  of  the  S.  M.  R.  R.  near  the  mouth  of  Root  river,  while 
the  same  terrace  at  Hokah,  likewise  near  the  mouth  of  Root  river, 
is  only  about  100  feet  above  the  flood  plain.  It  is  also  probable 
that  the  loam  terrace,  as  seen  at  La  Crescent,  is  the  same  contin- 
ued to  and  coalescent  with  the  Mississippi  terrace  ;  and  there  it  is 
90  feet  above  the  Mississippi  flood  plain.  This  would  necessitate  a 
fall  of  about  200  feet  in  the  Root  river  at  its  highest  stage,  in  a  dis- 
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tance  of  50  miles  in  a  right  line.  If  this  fall  can  be  explained  con- 
sistently with  the  assumed  back-water  condition  of  the  Root  river, 
at  that  time,  it  will  farther  confirm  the  hypothesis  that  the  Mis- 
sissippi then  drained  the  Red  River  and  Winnipeg  regions,  receiv- 
ing their  waters  from  the  Minnesota.  It  seems  further  that  this 
explanation  is  necessary  to  the  maintenance  of  that  hypothesis  ; 
for  if  Root  river  w^  maintained  at  that  high  level  by  the  demands 
of  its  own  drainage  area,  then  much  more  the  Mississippi  could 
also  have  been  kept  there  without  the  aid  of  the  Winnipeg  waters. 
Root  river  valley,  between  the  rock-bluffs,  has  an  average  width, 
through  Houston  county,  of  about  two  miles,  and  that  would 
have  been  the  width  of  the  stream,  with  a  depth  of  over  one  hun- 
dred feet. 

There  is,  besides  this  high,  loam-terrace,  a  second  terrace 
level,  visible  specially  at  La  Crescent,  on  the  Mississippi,  which 
there  rises  60  feet  above  the  flood  plain  of  the  river  and  spreads  out 
in  a  pleasant  plateau  on  which  the  village  has  been  located.  This 
terrace  is  made  of  gravel  and  pebbles  of  northern  origin,  and  was 
identified  only  along  the  Mississippi.  The  largest  stones  it  con- 
tains are  about  3  in.  in  longest  diameter.  It  is  passed  through 
in  wells,  and  seems  to  be  entirely  pervious  to  water,  as  all  wells 
on  it  get  water  at  about  the  level  of  the  flood  plain  of  the  river. 
This  material  is  used  for  grading,  and  road-bed,  on  the  C.  D.  &  M. 
R.  R.,  and  elsewhere.  It  consists  entirely  of  rounded  waterwom 
materials,  the  main  part  being  the  usual  parti-colored  .quartzite 
pebbles,  granitic,  hornblendic,  amyglaloidal,  and  lamellar,  as  well 
as  uniform  and  massive.  A  great  many  of  them  have  a  red  color, 
or  some  shade  varying  from  red.  The  coarsest  pieces  are  rare, 
found  only  in  the  upper  portions  of  the  debris  of  alluvial  fans. 

The  following  more  special  observations  were  made  on  these  ter- 
races in  Houston  county.  At  Sheldon,  six  miles  from  Root  river, 
in  the  valley  of  Beaver  creek,  the  terrace  on  which  the  Newberry 
House  stands  is  30  feet  above  the  water  of  the  creek  below  the 
dam.  The  materials  of  the  terrace  at  this  place  are  sandy  loam 
horizontally  stratified,  with  more  clay  near  the  top,  and  less  evi- 
dent stratification. 

At  Houston  the  only  observable  terrace,  measured  about  a  mile 
west  of  the  city,  is  65  feet  above  the  flood  plain.  The  track  of  the 
R.  R.,  is  about  one  foot  above  the  flood  plain  of  the  river,  which 
is  18  feet  higher  than  the  water  below  the  mill-dam. 

At  Money  creek  the  terrace  rises  30  feet  above  the  flood  plain 
which  is  20  feet  above  low  water  below  the  mill-dam.  The  con- 
tents of  the  terrace  are  stratified.     On  Sec.  30  in  this  town  the 
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contents  of  the  Root  river  terrace,  and  their  arrangement,  are 
shown  by  the  following  sketch  which  was  taken  on  the  spot : 


The  full  hight  of  the  bank  is  about  20  feet  where  the  section  is 
taken.  At  a  point  further  to  the  right  than  is  shown  in  the 
sketch  a  couple  of  bones  were  found,  but  in  the  confused  and 
broken  uppermost  layer.  They  were  where  that  layer  comes  down 
to  the  river,  and  about  3  feet  below  the  surface,  or  5  feet  above 
the  water  of  the  dam,  the  surface  of  the  bank  sloping  about  45 
degrees. 

At  Hokah  the  village  is  on  a  terrace  65  feet  above  the  flood-plain 
of  Root  river,  and  there  is  a  distribution  of  loam  about  the  blufls 
at  a  higher  level,  (as  well  as  at  many  other  points  along  Root  river 
valley)  reaching  to  a  hundred  feet,  or  a  little  more,  above  the  flood- 
plain.  This  loam  appears  in  indistinct  benches  or  terrace-levels, 
or  patches  of  terrace,  rising  often  with  a  slope,  far  up  the  rock- 
bluflFs.     It  very  rarely  appears  level,  as  a  well-marked  terrace.     It 
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suggests  rather  a  worn-out  old  terrace-level,  the  upper  surface  of 
which  has  suffered  erosion  by  being  gullied  out  and  smoothed  off 
toward  the  river.  It  is  generally  cultivated  for  farms,  and  has 
good  wheat-fields,  consisting  of  the  same  materials  as  the  lower 
terrace.     Its  actual  hight  is  difficult  to  ascertain. 

SW.  i  Sec.  22,  La  Crescent.  By  th^  roadside  appears  a  terrace 
rising  about  50  feet,  which  at  the  top  consists  of  the  fine  loam 
of  which  the  foregoing  terrace  is  composed,  showing  at  least  eight 
feet  of  such  material,  while  its  lower  20  feet  are  of  drift-gravel, 
which  is  coarse  and  obliquely  stratified,  the  coarsest  pebbles  being 
one  or  two  inches  in  diameter.  This  occurs  on  the  rounded 
point  of  the  rock-bluff  which  faces  both  valleys. 

The  village  of  La  Crescent  stands  on  a  beautiful  terrace  of  drift- 
gravel,  generously  laid  out,  with  wide  streets  and  alleys,  SO  feet 
above  the  flood-plain  of  the  Mississippi.  This  terrace  slopes 
gradually  toward  the  high  rock-bluffs.  It  is  surmounted,  along 
the  bluffs,  by  another  terrace,  rising  40  feet  higher,  which  consists 
of  loam. 

This  drift-gravel  must  be  attributed  to  the  agency  of  the  river. 
It  has  every  feature  of  a  water- worn  alluvial  deposit.  It  is  not 
found  in  Houston  county  in  any  of  the  valleys  of  other  streams, 
back  from  the  Mississippi.  It  ante-dates  the  loess  loam,  as  that  is 
terraced  above  it,  and  probably  bears  the  same  relation  to  an  earlier 
glacial  epoch  as  the  terraced  loam  does  to  the  last. 

At  Brownsville  the  loam-terrace  is  80  feet  above  the  flood-plain 
of  the  Mississippi. 

At  Yucatan  the  terrace  flat  is  40  feet  above  the  present  flood- 
plain  of  the  South  Fork  of  Root  river.  The  flood-plain  is  6  feet 
above  low  water. 

At  Freeburg  the  terrace  is  20  feet  the  flood-plain  of  Crooked 
creek,  which  is  5  feet  above  the  water  of  the  creek. 

Wells  in  Hotiston  County. 

A  few  wells  situated  in  the  valley  of  Root  river  have  disclosed 
vegetable  remains  at  about  the  level  of  the  flood-plain,  and  proba- 
bly the  terraces  generally  cover  a  layer  of  vegetable  remains  that 
was  caused  by  the  decay  and  burial  of  pre-glacial  plants.  This  has 
only  been  detected,  so  far  as  known,  at  Hokah,  and  at  La  Crescent. 
At  the  former  place  the  well  of  Isaac  West  was  filled  again  because 
the  "muck-bed"  rendered  the  water  unfit  for  use.  The  same  is 
true  of  William  Wykoff 's  and  W.  F.  Weber's,  and  a  number  of 
6 
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others.    Probably  the  characters  of  Mr.  Pidge's,  as  given  below, 
are  those  common  to  most  of  them. 

B.  F.  Pidge's  WeU  at  Hokah. 

It  is  situated  on  the  lower  terrace. 

FMt. 

Loam  and  sand • 50  or  55 

Vegetation,  leaves,  stick,  muck,  &c, 4 

Sand,  with  6ome  coarse  pnbbles,  *^  literally  filled  with  snail  shells"  4 

White  sand,  yielding  water. 5 

The  water  of  this  well  tastes  rather  peculiar,  and  at  first  it  was  not 
fit  for  use.  Sometimes  still  it  comes  up  black,  like  dye,  but  by 
use  it  becomes  clearer,  and  is  used  for  all  domestic  purposes,  with- 
out injurious  effects.  Sugar  of  lead  causes  it  to  become  milky 
white.  Acetate  of  potassa  produces  no  change  ;  sulphate  of  zinc 
no  change.  When  it  rises  in  the  bucket  it  is  not  clear,  but  some- 
what cloudy,  as  if  with  clay. 

The  well  of  Mr.  Thos.  Fairbanks,  at  Mound  Prairie,  disclosed  a 
bone,  now  said  to  be  iji  the  possession  of  Dr.  Armstrong,  at 
Hokah.  Efforts  that  have  been  made  to  secure  facts  in  referrence 
to  this  discovery,  and  further  accoimt  of  the  bone,  have  been  un-- 
successful. 
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Throughout  the  county  are  numerous  springs,  some  of  which 
are  yery  large,  and  gush  out  along  the  valleys.  They  seem  to  be 
the  outlets  of  subterranean  streams.  Those  above  Riceford  fur- 
nish the  water  for  the  flouring  mills  at  that  place.  There  is  also 
a  large  one  on  Sec.  17,  Caledonia,  three  miles  south  of  Sheldon. 
They  seem  to  /requent  the  horizon  of  about  80  feet  below  the  top 
of  the  St.  Lawrence  limestone,  and  indicate  a  shaly,  or  otherwise 
impervious,  layer  there  in  that  formation. 

Material  Resources. 

The  rocks  of  the  county  do  not  contain  any  valuable  minerals. 
They  are  everywhere  abundantly  exposed,  and  are  quarried  at 
many  places  for  ordinary  building-stone  and  for  quicklime. 

Building  Stone. 

At  Spring  Grove  the  Lutheran  society  is  building  a  large  church, 
of  brick,  the  basement  being  from  the  Lower  Trenton,  in  layers 
of  four  to  six  inches,  taken  from  quarries  near  the  village.  The 
heavy  trimmings  are  from  the  St.  Lawrence  limestone.  The  quar- 
ries are  owned  by  George  Timansen  and  Ole  Tostenson. 

The  Toledo  Woolen  Mill,  of  Fleteher  &  Williams,  Sec.  6,  La 
Crescent,  is  built  of  the  St.  Lawrence,  quarried  near. 

At  Caledonia  the  St.  Lawrence  is  extensively  used  for  building, 
quarried  about  a  mile  east  of  the  village.  The  German  Catholic 
church  is  the  principal  building  made  of  it,  being  also  the  largest 
building  in  the  place.  The  county  jail  is  a  fine  building  of  the 
same,  the  courses  being  about  ten  inches  thick,  rubble  dressed, 
with  trimmings  of  the  same.  The  business  blocks  of  Nicholas 
Koob,  J.  J.  Belden,  John  Krantz,  Joseph  Vossen,  Jacob  Bouquet 
and  Nix  Erstine  are  also  constructed  of  the  same  stone.  The 
quarries  are  owned  by  John  Molitor,  John  Dorsh,  Anton  Molitor, 
Widow  Cunningham  and  John  Aiken. 

On  Sec.  24,  Spring  Grove,  Mr.  K.  Gilbertson  has  a  two-story 
stone  residence  on  his  farm,  quarried  from  the  Trenton. 

At  Money  Creek,  Harvey  Chapel  has  a  quarry  that  furnishes 
good  stone  for  building,  though  much  of  that  which  is  used  is 
taken  from  the  surface  near  the  tops  of  the  bluffs,  having  been 
loosened  and  broken  up  by  the  weather. 

On  the  NE.  i  Sec.  11,  Caledonia,  is  Mrs.  M.  Brown's  stone 
house,  built  of  the  Lower  Magnesian. 

Mr.  J.  Kline  has  a  fine  farm-house  of  stone  taken  from  the  St. 
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Lawrence,  on  See.  19,  Union.     Near  Mr.  Kline's  quarry  is  an 
other  owned  by  Henry  Snure.    There  is  another  on  Sec.  29,  Union, 
owned  by  Michael  Wilhehn.     L.  Svenson's  is  on  Sec.  2,  (S.  E.) 
Houston. 

The  principal  quarries  at  Hokah,  now  worked,  are  those  of 
Nath.  Whiteman,  in  the  St.  Croix  sandstone,  and  Widow  Prindle. 
The  stone  of  Mr.  Whiteman 's  quarry  is  a  harsh,  argillaceous  sand- 
rock,  in  layers  a  few  inches  thick,  which  becomes  firmer  on  exposure. 
The  best  building  stone  lies  higher  up  in  the  bluffs,  and  was  opened 
in  Mt.  Tom  by  the  S.  M.  R.  R.  for  the  construction  of  their  shops. 
It  is  from  the  St.  Lawrence. 

At  La  Crescent  the  public  school-house  was  built  of  stone  from 
Potter  &  Taylor's  quarry,  likewise  in  the  St.  Lawrence,  north  of 
La  Crescent,  in  the  edge  of  Winona  county. 

Lang's  brewery.  Sec.  28,  Hokah,  is  a  large  stone  building  near 
the  river,  built  of  limestone  from  near  the  top  of  the  bluff. 

There  is  also  a  fine  stone  farm-house  owned  by  Wm.  Splitter,  on 
Sec.  21,  La  Crescent,  in  Root  river  valley.  The  Nunnery,  Sec.  28, 
La  Crescent,  was  constructed  of  stone  got  from  the  bluffs  near,  in- 
cluding also  that  used  for  quicklime.  These  are  all  from  the  St. 
Lawrence. 

On  Winnebago  creek  (Sec.  22,  Winnebago,)  Mr.  B.  T.  Barbour 
has  a  stone  flouring  mill. 

0.  T.  West  has  a  limestone  quarry  at  Brownsville,  which  sup- 
plied heavy  stone  for  the  railroad  and  for  other  uses.  Mr.  Job 
Brown's,  at  the  same  place,  famished  the  Hmestone  foundation 
for  the  public  school-house. 

The  foregoing  are  a  few  of  the  stone  buildings  in  the  county, 
but  there  are  several  others  which,  though  noticed  in  the  progress 
of  the  survey,  were  not  carefully  located,  and  cannot  be  referred, 
to.  The  St.  Lawrence  supplies  by  far  the  greater  portion  of  the 
building-stone  used  in  the  county.  There  is  not  a  single  known 
workable  quarry  in  the  Shakopee,  though  exposed  as  favorably  as 
the  St.  Lawrence.  It  is  uniformly  ignored.  It  is  harder  to  work, 
has  cherty  lumps  and  siliceous  concretions  which  not  only  disturb 
the  bedding  but  render  it  difficult  to  cut  into  desired  shapes,  and 
is  generally  in  thinner  layers.  The  color  is  much  the  same  as  that 
of  the  St.  Lawrence,  being  buff,  or  slightly  salmon-colored,  but 
the  St.  Lawrence  is,  where  most  used  for  building,  also  somewhat 
open  or  vesicular  in  texture.  Thus  mortar  sets  firmly  upon  it, 
and  forms  a  sutured  attachment.  When  the  St.  Lawrence  stone 
is  first  taken  out  it  cuts  more  easily  than  after  exposure  for  a  few 
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! 
weeks,  a  fact  which  seems  to  be  true  of  nearly  all  good  baUding  i 
stone.  I 

Strength  of  Minnesota  Building^stones. 


A  series  of  experiments  has  been  carried  on  by  Gren.  Q.  A.  Gil- 
more,  under  the  direction  of  Gfen.  A.  A.  Humphreys,  Chief  of 
Engineers,  U.  S.  A.,  during  several  years,  on  the  strength  of  vari- 
rious  building-stones  in  the  United  States.  The  tests  that  hare 
been  made  are  conducted  with  great  care  and  precision,  and  de- 
monstrate the  compressive  strength,  specific  gravity  and  ratio  of 
absorption,  of  the  stones  tested.  In  the  report  of  the  Chief  of 
Eitgineers  for  1875  is  a  general  table  giving  results,  and  in  that 
table  are  named  the  following  building  stones  from  Minnesota. 
Two-inch  cubes  were  crushed  under  a  powerful  press. 
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Sand. 

The  St.  Peter  formation  is  excayated  for  mortar-sand  by  Jesse 
Schofield,  See.  14,  Caledonia,  and  by  John  Bums  on  Sec.  26. 
This  white  sand  is  delivered  at  Caledonia  village  for  $1.25  per  load, 
or  occasionally  for  $1.50. 

The  St.  Croix  furnishes  a  similar  sand  near  Mr.  EUne's,  Sec.  16, 
Union.  These  formations  will  supply  a  similar  sand  in  any  part 
of  the  county  where  they  are  accessible,  the  layers  in  the  St.  Croix, 
however,  are  about  200  feet  below  the  top  of  the  formation. 

At  Mr.  bchofield's  sand  quarry,  about  a  mile  west  of  Caledonia, 
is  a  large  mass  of  "lamellar  calcite,"  lying  on  the  slope  of  the  St. 
Peter,  and  nearly  covered  by  the  loam.  In  that  respect  it  is  like 
a  similar  mass  seen  near  St.  Charles,  in  Winona  county,  in  1872, 
and  mentioned  in  the  report  for  that  year,  but  it  seems  more  firm 
than  that.  This  appears  like  a  firm,  very  compact  rock,  consist- 
ing of  almost  pure  carbonate  of  lime,  but  somewhat  colored.  It  is 
mainly  massive,  and  striated,  or  laminated,  but  shows  some  crys- 
talline grains.  It  weathers  into  undulating  or  wavy,  smooth 
surfaces.  There  is  another  much  larger  mass,  weighing  many 
tons  on  the  land  of  Mr.  Willard,  a  short  distance  west.  These 
masses  can  be  burnt  into  a  purely  white  quicklime  of  great  strength. 

The  age  and  origin  of  this  calcite  involves  an  interesting  prob- 
lem. When  that  piece  was  found  in  Winona  county,  in  1872,  it 
was  referred  hypothetically  to  the  Trenton  Green  Shales,  or  to  the 
worn-out  Cretaceous  that  may  have  covered  that  country,  making 
it  of  rock  origin,  either  Lower  Silurian  or  Mesozoic,  but  there  is 
much  reason  to  believe  these  calcite  masses  are  not  referable  to 
the  rock  in  situ,  but  are  of  atmospheric  origin,  being,  in  short,  the 
remains  of  immense  travertine  deposits  from  limy  water  running 
down  the  St.  Peter  slope  from  springs  that  once  existed  but  are 
now  dry.  They  lie  on  the  slope  of  the  outcropping  edge  of  the  St. 
Peter,  just  below  the  Green  Shales  which  shed  all  the  water  that 
works  downward  through  the  Upper  Trenton  limestone  ;  but  they 
are  also,  so  far  as  discovered,  in  regions  where  the  Upper  Trenton 
does  not  now  exist,  the  only  remaining  portion  of  the  Trenton 
being  that  which  lies  below  the  Green  Shales.  This  is  strikingly 
the  case  near  Caledonia,  where  the  Trenton  is  reduced  to  mounds 
and  tables,  capping  the  St.  Peter  sandstone,  very  far  isolated  from 
the  main  area  of  the  Trenton.  To  suppose  this  calcite  is  due  to 
springs  caused  by  the  Green  Shales,  a  common  phenomenon  now 
in  Fillmore  county,  is  to  require  the  former  existence  of  the  Upper 
Trenton,  with  a  considerable  thickness  of  strata,  over  all  the  re- 
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gion  of  Caledonia,  and  extending  far  enough  north  and  east  to 
famish  drainage  surface  sufficient  to  maintain  such  springs.  This 
is  not  inconsistent  with  the  history  of  geological  changes,  nor  with 
the  lapse  of  time  since  the  Trenton  was  elevated  to  the  condition 
of  dry  land.  The  present  existence  of  isolated  patches  of  the 
Lower  Trenton,  both  in  Minnesota  and  Wisconsin,  can  only  be 
explained  on  the  theory  that  the  whole  formation  was  once  more 
largely  spread  in  horizontal  strata  over  those  states,  than  at  pres- 
ent. Then  an  extension  of  the  Lower  Trenton  so  as  to  embrace 
in  one  sheet  of  layers  these  isolated  patches,  is  no  more  than 
enough  to  bring  also  the  Upper  Trenton  into  the  region  of  these 
calcite  masses.  The  present  outlines,  shape  and  position  of  the 
areas  of  the  Lower  Trenton,  demonstrate  that  they  are  only  the 
relics  of  once  greater  areas  which  have  been  eroded  and  removed 
slowly,  and  left  as  they  are  because  they  have  been  better  protected 
against  destructive  agents.  While  Root  river  has  been  excavating 
the  gorge  in  which  it  runs,  500  feet  deep  and  two  miles  wide,  the 
Trenton  limestone,  which  at  first  may  have  extended  as  far  north- 
east as  to  Hokah,  has  been  slowly  receding  under  the  operation  of 
denudation  and  surface  drainage.  These  calcite  masses,  then,  are 
relics  of  pre-glacial  time,  and  perhaps  of  early  pre-glacial  time, 
since  the  last  glacial  epoch  did  not  operate  in  Houston  county  so 
as  to  disturb  the  older  surface.* 

Brick. 

The  loam  everywhere  is  suitable  for  making  brick,  which  are 
uniformly  red.    The  following  establishments  were  seen : 

Stephen  Robinson,  Money  Greek ;  two  miles  south  of  the 
village 

Fischer  fc  Keller,  Caledonia ;  began  last  year ;  burnt  three  kilns, 
and  sold  at  $8.00  per  thousand. 

Brick  were  formerly  made  at  La  Crescent. 

The  Lutheran  Society,  at  Spring  Grove,  manufacture  on  the 
spot  a  fine  red  brick  from  the  loam  taken  out  for  foundations  and 
basement  of  their  large  new  church  edifice. 

Lime. 

The  Trenton  and  the  St.  Lawrence  furnish  all  the  quicklime 
made  in  Houston  county.    There  are  no  extensive  manufacturers, 

«  Sm  the  First  AbboaI  Report,  p.  47. 

7  Digitized  by  Google 


50  GEOLOGICAL  AND  NALUBAL  HI8T0BT 

but  the  common  pot*kiln  is  found  at  a  number  of  points,  by  ivhich 
enough  is  made  to  satisfy  the  local  demands. 

OleTimro,  sec.  24,  Money  Creek.. St.  Lawrence. 

OUbert  Nelson,  Spring  Grove Trenton. 

Michael  Blasen,  H  mile  west  of  Caledonia Trenton. 

Peter  Kreer,  ne.  i  sec.  29,  MayvlUe St.  Lawrence. 

John  Gross,  1  mile  nw.  firom  Brownsville St.  Lawrence. 

John  Molitor,  1  mile  east  of  Caledonia St.  Lawrence. 

George  Timansen,  Spring  Grove Trenton. 

Ole  Tostenson,  Spring  Grove Trenton. 

Wm.B.  Potter,  LaCrescent St.  Lawrence. 

Samael  Poond,  sec.  12,  Hokah St.  Lawrence. 

Lead. 

It  is  a  common  belief  at  La  Crescent,  held  by  Mr.  Enapp,  Mr. 
Day  and  others,  that  the  lead  enterprise  at  Dresbach,  mentioned 
by  Dr.  Owen  in  his  final  report  on  the  geology  of  Wisconsin, 
Iowa  and  Minnesota,  was  a  speculating  job,  got  up  for  the  pur- 
pose of  creating  an  excitement  and  selling  land.  The  reputed 
discoverers  were  men  from  Galena,  Bl.,  and  the  lead  found  is 
believed  to  have  been  brought  from  that  place.  The  excitement 
soon  died  out,  and  all  operations  ceased  the  same  season  they 
began,  and  have  never  been  revived.  Whether  this  be  true  or 
not  the  rock,  though  not  the  same  as  that  at  Galena,  is  about  the 
same  as  that  in  which  are  the  lead  mines  in  Missouri. 

Earthworks. 

At  La  Crescent  are  a  great  many  so-called  Indian  Mounds. 
Many  have  been  graded  away,  but  a  good  many  still  exist.  They 
are  on  the  brow  of  the  drifk-terrace,  or  lower  bench,  and  none  are 
known  on  the  upper,  loam-terrace.  They  are,  as  usual,  in  rude 
rows,  and  about  three  feet  high,  some  of  them  being  four  feet. 
When  opened  they  have  been  found  to  contain  human  remains  of 
men  of  large  stature,  and  it  is  said  that  in  grading  for  the  raiboad 
a  copper  skillet  and  other  trinkets  were  found  at  the  depth  of  18 
feet  below  the  surface. 
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III- 

PALAEONTOLOGY. 


Notes  on  the  fossils  of  theTrenton  limestone  in  Minnesota. 

Since  the  examination  by  Prof.  James  Hall,  of  the  fossils  of  the 
Trenton,  Black  river  and  Birdseye  limestones  of  New  York,  and 
the  publication  in  1846  of  his  laxge  pioneer  volume  on  the  palaeon- 
tology of  the  rocks  of  the  United  States,  which  makes  the  1st 
volume  of  the  New  York  State  Palaeontology,  nothing  so  thorough 
as  his  work  has  been  undertake^  on  the  fossil  contents  of  that 
geological  horizon. 

In  Dr.  Owen's  report  on  the  geology  of  Wisconsin,  Iowa  and 
Minnefota,  which  followed  Prof.  Hall's  first  volume,  in  1851,  a 
few  species  occurring  at  the  falls  of  St.  Anthony,  and  on  Turkey 
river  in  Iowa,  are  described,  and  others  are  mentioned  as  identified 
at  various  other  points  in  the  northwest.  The  names  applied  are 
generally  those  of  Prof.  James  Hall,  and  the  identifications  are 
based  on  those  of  the  Trenton  group  of  New  York  State. 

In  Foster  &  Whitney's  Report  on  the  Lake  Superior  Land  Dis- 
trict (1851)  a  few  more  species  are  described  and  figured  by  Prof. 
Hall,  derived  from  the  Trenton  limestone  in  Michigan  and  Wis- 
consin. 

In  the  First  Canadian  Decade  (1859)  by  J.  W.  Salter,  other 
species  are  described,  particularly  gasteropods,  and  there  is  also  a 
full  account  of  Beceptctculites  occidentaliSy  a  genus  which  Prof. 
Hall  first  announced  from  the  Trenton  but  failed  to  fully  elucidate, 
owing  to  not  having  favorable  specimens. 

In  the  Third  Canadian  Decade  (1858)  Mr.  Billings  has  named 
and  figured  a  number  of  cystids  from  the  Trenton  rocks  of  Canada. 

In  the  Fourth  Decade  (1859)  the  same  eminent  palaeontologist 
describes  the  crinoids  of  the  Trenton  as  found  in  Canada. 

In  1861  was  published  by  the  legislature  of  Wisconsin  a  small 
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volume  containing  descriptions  of  a  number  of  new  species  of 
fossils  from  the  Trenton  of  that  state  by  Prof.  Hall,  who  was  then 
State  Geologist  of  Wisconsin.  This  contribution  to  the  pal»on- 
tology  of  the  Lower  Silurian  was  printed  only  in  the  legislative 
documents,  and  is  very  rare. 

The  Reports  of  the  New  York  State  Cabinet,  containing  the 
papers  of  the  Curator,  Prof.  Hall,  are  many  of  them  given  largely 
to  palaeontology,  and  a  number  of  them  pertain  to  the  Trenton 
limestone.  These  reports  are  issued  annually,  and  now  number 
27. 

In  the  Annual  Reports  of  Progress  of  the  Geological  Survey  of 
Canada,  Mr.  Billings  also  continued  to  add  to  our  knowledge  of  the 
palaeontology  of  the  Trenton,  such  material  as  was  gathered  in 
Canada.  The  reports  for  1854,  1857  and  1858  contain  matter  re- 
lating to  the  Trenton.  Subsequently  to  that  he  published  his  de- 
scriptions of  fossils  separately,  and  in  1865  was  issued  a  fine  vol- 
ume on  the  Palaeozoic  fossils  of  Canada  which  was  entirely  the 
work  of  Mr.  Billings,  and  contains  figures  of  a  number  of  Trenton 
species. 

In  1863  appeared  The  Geology  of  Canadaj  which,  however,  only 
gives  figures  and  names  of  species  already  described. 

In  1868  was  published  the  third  volume  of  the  publications  of  the 
Geological  Survey  of  Illinois,  which  contains  some  descriptions  of 
fossils  from  the  Trenton  and  Galena  formations,  by  Messrs.  Meek 
«nd  Worthen. 

Meantime,  in  Tennessee,  Prof.  J.  M.  Safibrd  had  closely  exam- 
ined the  fauna  of  the  Trenton  and  Nashville  series  in  that  state, 
.and  without  describing  many  new  species  he  has  given  in  his  vol- 
ume on  the  geology  of  that  state  much  accurate  information  con- 
cerning its  palaeontology,  as  correlated  to  the  same  horizon  in  New 
New  York  state.     This  was  published  in  1869. 

In  1874  appeared  the  first  part  of  Vol.  2  of  Palaeozoic  Fossils  of 
Canada,  by  Mr.  Billings,  but  it  is  mainly  taken  up  with  the  Que- 
bec Group. 

By  the  aid  of  the  foregoing  works  some  progress  has  been  made 
m  the  examination  of  the  Trenton  fossils  of  Minnesota.  The 
specimens  thus  far  examined  are  a  part  of  those  gathered  by  the 
Geological  Survey  of  the  State.  The  examination  is  far  from 
complete.  Indeed  it  has  but  just  begun.  Those  have  been  named 
which  are  identifiable  readily,  leaving  doubtful  specimens,  as  far 
as  the  investigation  has  gone,  to  some  future  time  when  more 
pains  can  be  taken  to  make  sections  and  minute  examinations. 
Moreover,  there  is  a  good  collection  of  Trenton  fossils  in  the  cases 
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of  the  Minnesota  Academy,  and  another  in  the  Academy  at  St. 
Paul,  while  one  of  the  best  collections  of  Galena  fossils  that  have 
ever  been  made  is  in  the  possession  of  Mr-  Frank  Wilson,  at  Man- 
torville,  who  has  kindly  loaned  them  to  t^^e  Survey. 

It  is  hoped  that  with  the  aid  of  these  collections,  after  a  while, 
a  complete  account  of  the  Trenton  fauna  may  be  made  out  for  the 
Northwest,  and  that  the  study  of  this  formation — so  long  neg- 
lected—may be  made  more  easy  and  attractive. 

The  following  species  have  been  identified  already.  This  list, 
though  very  incomplete,  is  here  given  that  it  may  be  seen  how  far 
the  work  has  gone: 

Cephcdopoda. 

Endoceras  angastlcameratiim.    HaU. 

Endoceras  magniventTQin.    HaU. 

Orthoceraa  malticameratam.    Con. 

Endoceras  protelfonne.    HaU. 

Endoceras  proteiforme.    HaU.    Var  strangnlatnm.    HaU. 

Endoceras  distans.    Hall. 

Lltnites  nndatos.    Con. 

Ormoceras  tennifllam.    HaU. 

Conolaria  Trentonensls.    HaU. 

Orthoceras  bUineatnm.    Hall. 

Ortboceras  Jnncenm.    HaU. 

10  species. 

Oasteropoda. 

Maclnrea  magna.    HaU« 
Mnrchisonia  beUiclncta.    HaU. 
Mnrchisonia  biclncta.    HaU. 
Mnrohisonla  perangnlata.    HaU. 
Mnrchisonia  angnstata.    HalL 
Plenrotomaria  nmbilicata.    HaU. 
Plenrotomaria  ambigaa.    HaU. 
Plenrotomaria  lenticnlaris.    Con. 
Mnrchisonia  snbftisifonnls.    HaU. 
Maclnrea  Logani.    Sal. 
Bhaphistoma  lapicida.    Salter  ( ?) 

11  specie?. 

Brachiopoda. 

Strophomena  altemata.    Con. 

Strophomena  tennlatriata.    Sow.    (a  variety.) 
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Orthis  teBtadinaria.    Dal. 

Strophomena  flnctnosa.    Bill. 

Dlscina  Pelopea.    Bill. 

Rhyndionella  capax.    Con.    (iocrebescens  of  Hall.) 

Orthia  plicatella.'   H. 

Orthls  aabqnadrata.    H.(  ?) 

Strophomena  nitena.    Blll.(f) 

Lingnla  qaadrata.    Eich. 

OrtblB  occidentalis.    H. 

Also  undetermined  species  of  Orthls  Leptaena,  Strophomena  Chonetes, 
Llngola,  fihynchonella,  and  of  the  Acephal,  Ambonjchia. 

11  species.  ' 

Polyp  Radiates. 

Petraia  comlcnlom.    H. 
Chaetetes  Lycoperdon.    H. 
'  Chaetetes  petropolitanns.    Pander. 

8  species. 

Crustacea. 

niaenns  latidorsata.    Hall  (  ?) 
Isotelns  (Asaphns)  gigas.    Hall. 

2  species. 

Protozoa. 

Beceptacnlites  occidentalis.    Sal. 
Receptacnlites  Oweni.    Hall. 

2  species. 

In  addition  to  these  there  is  a  number  of  species  that  have  been 
examined  that  have  proved  to  be  unidentifiable  by  the  use  of  refer- 
ences accessible,  and  some  of  them  may  prove  to  be  new  to  science. 

Of  the  foregoing  species  the  following  pertain  to  the  Lower 
Trenton  or  to  the  Green  Shales  that  separate  the  Lower  Trenton 
from  the  Upper,  and  may  probably  be  found  in  the  neighborhood 
of  Minneapolis,  or  along  the  blufis  of  the  river  below  the  FaUa  of 
St.  Anthony : 

Endoceras  angosticameratam.    Hall. 
Endoceras  magniventmm.    Hall. 
Endoceras  proteiforme.    Hall. 
Endoceras  distans.    HaU. 
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Chaetetes  Lycoperdon.    Hall. 

Chaetetes  petropoUtanus.    Pander. 

Bhaphlstoma  lapiclda.    Salter  ( ?) 

Petraia  comlculam.    Hall. 

Orthoceras  JaDceum.    Hall. 

Orihoceras  moltlcameratam.    Con. 

Orthoceras  bllineatam.    Hall.    (Record  doabtfbL) 

Isotelas  glgas.    Hall. 

Orthis  testndinaria.    DaL 

Bhynchonella  capax.    Con. 

Lingnla  qaadrata.    Eich. 

The  specimens  from  the  locality  of  Minneapolis  have  not  yet 
been  subjected  to  careful  examination.  There  are  known  to  be 
other  species  of  brachiopods,  graptolites  and  fdcoids,  besides  gas- 
teropods  and  corals. 

The  following  hare  been  identified  from  the  Upper  Trenton, 
not  including  the  Galena : 

Orthoceras  mnltlcameratom.    Con. 

Lltnites  nndatns.    Con. 

Endoceras  distans.    Hall. 

Receptacnlites  occldentalis.    SaL 

Endoceras  protelfbrme.    Hall.       Var  strangolatam.    Hall. 

Ormoceras  tennifllnm.    Hall. 

Maclnrea  magna.    H. 

Maclnrea  Logani.    Salter. 

Plenrotomaria  Lenticnlaris.    Con. 

Chaetetes  petropoUtanns.    Pander. 

Mnrchisonia  sabfbsiformis.    H. 

Mnrchisonla  belllclncta.    H. 

Receptacnlites  Oweni.    H. 

Rhynchonella  capax.    Con. 

The  following  are  known  from  the  G-alena  within  the  limits  of 
this  State: 

Endoceras  magniyentmm.    HaU. 
Endoceras  proteiforme.    Hall. 
Receptacnlites  Oweni.    Hall. 
Petraia  comlcnlnm.    H. 
Connlaria  Trentonensis. 
Strophomena  altemata.    Con. 
Mnrchisonla  bicicnta.    H. 
Isotelns  gigas.    H. 
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Morchisonia  penmgnlata*    H. 
Mnrchlsonia  angiutata.    H. 
Morchisonia  belllcincta.    H^ 
Plenrotomaria  umbillcata.    H. 
Fleurotomarla  amblgoa.    H. 
Strophomena  tennistriata.    H.  (varied .) 
Orthis  testadinarla.    Dal. 
Strophomeiia  flactaosa.    Bill. 
Discina  Pelopea.    Bill 
OrthiB  pUcatella.    H, 
Orthis  sabqaadrata.    H.  (  ?) 
Strophomena  nitens.    Bill.  (  ?) 
Orthis  occidentalis.    H. 
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IV. 
CHEMISTRY. 


REPORT  OF  PROF.   S.   F.   PECKHAH. 


Prof.  N.  H.  WincheU: 

My  Dear  Sir  : — ^I  have  the  pleasure  of  reporting  the  chemical 
work  on  the  (Geological  Survey  for  the  past  year  as  consisting  of  a 
complete  analysis  of  the  so-called,  Russell  Mineral  Spring,  in  Min- 
neapolis ;  four  specimens  of  coal  and  their  ashes  the  serial  num- 
bers of  which  are  11,  12, 13  and  14  ;  No.  15,  a  sort  of  clay,  and  a 
stone  known  as  the  St.  Lawrence  limestone,  of  which  there  were 
two  specimens  numbered  30  and  31.  I  also  report  the  analyses 
made  for  Messrs.  Kindred  and  Culver  in  the  fall  of  1875. 

The  process  of  analysis  employed  for  the  coals  was  the  same  as 
that  used  by  myself  for  the  analysis  of  some  26  specimens  belong- 
ing to  the  Geological  Survey  of  California.  The  specific  gravity 
was  first  determined  by  sifting  the  dust  from  the  finely  granulated 
coal  and  weighing  in  a  sp.  gr.  flask,  after  standing  under  water  at 
least  12  hours.  One  gramme  was  then  weighed  in  a  platinum  cru- 
cible and  dried  at  a  temperature  of  215^-220°  Fahr.  until  it  ceased 
to  lose  weight.    The  loss  is  water,* 

The  residue  was  then  heated  over  a  Bunsen's  burner  for  3. 5  min- 
utes, and  then  over  a  blast  lamp  for  the  same  length  of  time,  and 
weighed.  The  loss  was  considered  to  be  volatile  combustible  mat* 
ter.  The  residue  was  burned  to  an  ash  and  the  ash  weighed.  The 
loss  from  combustion  was  considered  to  be  non-volatile  combusti- 
ble material,  or  fixed  carbon. 

*The  qnMtioii  hM  bMn  nistd  whether  or  no  thii  Iom  be  water.  Very  carefhlly  con- 
ducted  ezperimenti  were  made  during  my  research  upon  the  California  coals,  to  ascertain 
if  the  coal  was  oxidised  by  prolonged  heating  at  the  temperainre  aboTe  mentioned.  The 
amonnt  of  water  escaping  was  absorbed  by  chloride  of  calcium  and  weighed.  It  exactly 
corresponded  to  the  loss  experienced  when  the  experiment  was  condncted  as  described 
above,  and  no  oxidation  products  oonld  be  detectedi 
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In  conformity  with  your  wishes  I  also  made  a  quantitative  analysis 
of  the  ashes  of  each  of  these  coals. 

The  coals  are  quite  unlike.  Nos.  11  and  12  are  semi-cannel 
coals.  No.  13  consists  of  a  mass  of  clay  containing  carbonaceous 
matter.  No.  14  consists  of  an  earthy  mass,  chiefly  silica  contain- 
ing fragments  of  mineral  charcoal. 

No.  11  is  homogeneous  and  brittle,  of  a  dull  black  color,  and 
cracks  in  a  dry  atmosphere.  When  heated  it  is  non-caking,  the 
pieces  retaining  their  form  and  size,  and  in  this  respect  it  resem- 
bles some  of  the  cretaceous  coals  of  the  Pacific  coast.  The  results 
of  analysis  are  as  follows : 

Specific  grayity .• L441 

Water 18.58  perceot. 

YolatUe  combQstlble  matter M.ll       <' 

Fixed  carbon 29.49        « 

Ash 2.87 

100.00 

The  ash  contained— 

Insolnble  silicic  acid,  etc 8.898  per  cent 

Soluble  silicic  acid 14.159 

SnlphurJc  acid 28.868 

Ferric  oxide  andalamina 28.419 

Lime 7.592 

Magnesia. 16.065 

Carbonic  acid,  chlorine,  alkalies,  etc • 11.714 

100.000      « 

The  total  amount  of  combustible  matter  in  this  coal  is  83.60 
per  cent. 
No.  12  in  some  respects  resembled  No.  11.    It  is  a  semi-cannel 

in  appearance,  very  friable  in  dry  air,  and  non-caking.   The  results 
of  analysis  are  as  follows  : 

Specific  gravity 1.425 

Water 12.70  percent. 

Volatile  combnstible  matter 88.82       <' 

Fixed  carbon 45.61        « 

Ash 8.87 

100.00        " 
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The  ash  contained— 

iDSOlnble  silicic  acid,  etc 8  888  per  cent. 

Soluble  silicic  acid 22.968 

Sulpharic  acid 19.674 

Ferric  oxide  and  alumina 20.006 

Lime 16.858 

MagneMa •••••  8.946 

^     Carbonic  acid,  chlorine,  alkalies,  etc 8.720 


100.000 


The  total  amount  of  combustible  matter  in  this  coal  is  83.93 
per  cent. 

No  13  is  a  specimen  of  dark  colored  clay  containing  an  unusual 
amount  of  organic  combustible  matter,  not  enough,  however,  to 
give  it  any  value  as  fuel.  It  bums  to  a  very  light-colored  ash 
consisting  largely  of  alumina,  and  would  therefore  in  all  proba- 
bilty  make  very  good  brick  if  sufficient  sand  were  mixed  with  it. 
The  results  of  analysis  were  as  follows  : 

Speciflcgravity 1.968 

Water ) 

Volatile  combustible  matter >  29.56  per  cent. 

Fixed  carbon ) 

Ash,  consisting  of  clay 70.45       <* 

100.00        " 
The  ash  contained— 

Insoluble  portion,  consisting  of  insoluble  alumina 

and  silicic  acid 92.751  percent. 

Soluble  silicic  acid 490  << 

Sulphuric  acid 282  «• 

Ferric  oxide  and  alumina    2.894  « 

Lime 1.076  " 

Magnesia 848  " 

Undetermined  matters f      1.159  << 

100.000 

No.  14  consisted  of  a  soft,  siliceous  rock,  containing  small  frag- 
ments, grains  and  specks  of  mineral  charcoal.  The  results  of 
analysis  are  as  follows : 
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Specific  grayity 2.141 

Waterand  combustible  matter 26.54 per ceat. 

Ash 78.46  " 

100.00  " 

The  ash  contained^ 

Insoluble  matter,  chiefly  silicic  acid 96.549  per  cent. 

Soluble  sllicic^acid 0.886  <' 

Sulphuric  acid 0.178  •« 

Ferric  oxide  and  alumina 0.257  ** 

Lime 1.028  " 

Magnesia 0.462  •« 

Undetermined  matters 0.695  " 


100.000 


No.  15  is  a  dull-green,  amorphous  mineral,  unctuous  and  soapy 
to  the  touch.  Fracture  uneven,  coarsely  granular.  Hardness  1.5. 
Easily  cut  with  a  knife,  giving  a  smooth  surface.  Specific  gravity 
2.562.  Lustre  dull,  waxy,  with  very  minute  pearly  scales.  Color 
mottled,  dull-green  to  grayish-green,  opaque,  scales  translucent. 
When  wetted  it  absorbs  water  and  softens,  but  does  not  become 
plastic.    - 

In  closed  tube  it  gives  water.  B.B.  infusible.  Gives  blue  color 
with  cobalt,  which  is  indistinct  from  excess  of  iron.  Is  decom- 
posed by  hydrochloric  acid,  leaving  a  white  insoluble  residue 
containing  only  a  trace  of  iron.  The  oxidation  of  the  iron  varies 
according  to  the  extent  of  the  exposure.  The  following  are  the 
mean  results  of  three  closely  concordant  analyses : 

SiO,         - 
Fe,  Oa  - 
AlgOa        - 
Mg  0  - 
K,  0    I 
Na,0  S    * 
H,0    - 

99.16 

A  trace  of  lime  was  not  determined. 

These  results  show  the  mineral  to  be  allied  to  Fahlunite,  var. 
Huronite  of  T.  S.  Hunt.   See  Dana's  Mineralogy,  Ed.  1870,  p.  485. 
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It  is  doubtless  one  of  the  namerous  decomposition  products  of  a 
ferruginous  Feldspar. 

Nos.  30  and  31  are  pieces  of  the  St.  Lawrence  limestone.  This 
stone  consists  of  a  hard,  siliceous,  magnesian  limestone  containing 
sufficient  iron  to  give  it  an  ocherous  shade  of  color  with  yellowish 
streaks.  It  also  contains  angular  grains  of  quartz  and  small  grains 
of  a  green  mineral  quite  uniformly  distributed  through  the  rock. 
These  grains  are  of  all  sizes  from  that  of  a  large  pin's  head  to  those  of 
scarcely  preceptible  dimensions.  They  are  irregularly  spherical  in 
form,  sometimes  slightly  flattened,  or  elongated.  Gold  commercial 
hydrochloric  acid  dissolves  all  of  the  constituents  of  the  rock 
except  the  grains  of  quartz  and  th^  green  grains.  By  sifting  and 
careful  sorting,  the  largest  of  the  green  grains  may  be  obtained  quite 
pure.  The  specific  gravity  of  these  grains  is  3.634 — Hardness 
about  2.0.  B.  B.  infusible  becoming  brown  from  oxidation  of  iron. 
In  the  closed  tube  gives  water  becoming  more  or  less  oxidized. 
The  following  are  the  mean  results  of  three  analyses  : 

SiO,  - 

FeO  .... 

Al,Oa  .... 
K,0  .... 

Na,0  -  .  .       •    - 

H,0  .... 

These  characteristics  and  results  give  a  variety  of  Olauconite 
not  decomposed  by  hydrochloric  acid.  See  Dana's  Mineralogy, 
Ed.  1870,  p.  462. 

Bussell  Mineral  Spring  Water.  This  water  flows  from  a  spring 
in  the  cellar  of  the  house  at  present  occupied  by  Perkins  Russell, 
Esq.,  on  the  comer  of  Fifth  street  and  Fifteenth  avenue  S.  E.,  in 
this  city.  The  flow  of  the  spring  is  very  uniform  throughout  the 
year  and  the  volume  is  copious,  bubbling  up  in  the  center  of  a  curbed 
area  about  four  feet  in  diameter.  On  exposure  to  the  atmosphere 
the  water  deposits  sesqui-oxide  of  iron.  No  gas  escapes  from 
super-saturation.  The  water  is  very  clear  and  sparkling,  with  a 
slight  green  color  and  the  tast^  of  a  dilute  solution  of  hydrosul. 
phuric  acid  gas. 

Analysis  showed  that  one  U.  S.  wine  gallon  of  231  cubic  inches 
contains  of, 


48.20] 

per  cent, 

27.09 

6.94 

7.54 

1.02 

8.72 
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Potasium  chloride, 
Sodium  chloride, 
Calcium  chloride, 
Calcium  carbonate    - 
Calcium  sulphate, 
Calcium  Phosphate, 
Magnesium  carbonate, 
Iron  proto-carbonate. 
Manganese  proto-carbonate. 
Silicic  oxide,     - 
Organic  matter,     - 
Sodium  biborate,       -   . 
Potassium  nitrate, 
Ammonium  chloride. 
Calcium  fluoride,  - 
Barium  carbonate,    - 
Barium  sulphate. 


KCl 
NaCl     - 
CaCl, 
Ca  COa  - 
Ca  SO4 
CasCPOO, 
MgCOs 
FeCOs 
Mn  COs 
SiO,     . 


Total  solid  matter. 
Specific  gravity  at  60''  Fahr. 
Temperature,    - 


Qnins. 

0.170161 
1.226701 
0.393765 
10.060996 
0.867690 
0.171380 
4.371058 
0.169227 
0.032561 
1.393182 
0.208340 
A  trace. 
A  trace. 
A  trace. 
A  trace. 
A  trace. 
A  trace. 

19.065061 

1.000638 

45.5°  Fahr. 


At  that  temperature  one  gallon  contains  of 
Carbonic  acid  gas,        .        .        CO,        -       41.037432  C.  inches. 
Of  which  is  combined  to  form  bicarbonates,     25.651171  G.  inches. 


Leaving  in  solution, 


15.386261  G.  inches. 


The  water  also  contains  an  amount  of  hydrogen  sulphide  (Hs  S), 
varying  in  amount  at  different  times  from  a  trace  to  a  few  cubic 
inches  per  gallon. 

These  results  give  a  water  of  somewhat  peculiar  character,  yet 
not  sufficiently  remarkable  in  any  respect  to  lead  one  to  expect 
unusual  results  to  follow  its  use.  The  amount  of  solid  matter  is 
small  and  consequently  all  of  the  ingredients  present  are  found  in 
small  proportion ;  yet  we  find,  on  compaiing  these  results  with  the 
analysis  of  other  waters,  that  the  amount  of  calcium  phosphate 
present  is  relatively  large.  The  reputation  which  the  water  has 
attained  as  a  remedial  agent,  may  be,  in  part,  due  to  the  presence 
of  this  salt,  or  it  may  be  due  to  the  peculiar  combination  presented 
by  the  simultaneous  presence  of  phosphate  of  lime,  proto-carbonate 
of  iron  and  sulphide  of  hydrogen. 

It  may  be  said,  however,  that  the  causes  producing  certain  physio- 
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logical  efPects  are  very  obscure,  and  when  these  effects  are  observed 
to  follow  the  use  of  complex  mixtures  dissolved  in  large  quantities 
of  water,  but  little  satisfaction  can  be  gained  from  theoretical 
speculations  that  attribute  them  to  the  presence  of  one  or  the 
other  ingredient  of  the  mixture.  But  little  more  can  be  said 
than  that  the  water  contains  small  quantities  of  substances  that 
give,  when  found  in  large  proportions,  the  specific  characters  to 
seltzer,  chalybeate,  and  white-sulphur  springs,  and  that  its  use  in 
many  instances  has  been  attended  with  beneficial  results. 

In  accordance  with  your  request,  that  I  should  furnish  you  the 
results  of  the  analyses  that  were  made  in  the  fall  of  1875  for 
Messrs.  Kindred  and  Culver,  I  submit  the  following : 

I.  Three  specimens  supposed  to  contain  silver  were  sent  to  Dr. 
P.  B.  Rose  to  be  assayed.  The  first  two  were  from  J.  B.  Culver, 
Esq.,  of  Duluth,  and  were  reported  as  not  containing  silver.  The 
third  specimen  was  from  C.  F.  Kindred,  Esq.,  of  Brainerd.  It 
was  reported  as  containing  "  52.32  oz.  of  silver  to  the  ton  of  ore, 
which  at  |1.30  per  oz.  =  $68.01  per  ton." 

n.  A  sample  of  iron  ore,  supposed  to  contain  tin,  from  the 
neighborhood  of  Duluth,  was  sent  to  Prof.  E.  W.  Morley,  of 
Hudson,  Ohio,  a  gentleman  of  large  experience  on  iron  assays. 
He  reported  two  assays  as  yielding  iron,  16.19  per  cent,  and  16.17 
percent.  "Tin  not  present  in  any  appreciable  quantity.  The 
ore  appeared  to  contain  quite  a  notable  quantity  of  Titanium. 
Titanium  is  now  supposed  to  be  injurious.  *  *  The  amount  of 
iron  in  the  ore  is  so  small  that  iron  produced  from  it  could  hardly 
compete  with  richer  ores,  even  if  flux  and  coal  were  both  near  at 
hand.  One  would  not  like  to  say  the  ore  is  valueless  vrithout 
knowing  the  relative  amount  of  silica  and  calcium  in  the  ore  ;  but 
the  probability  that  they  are  in  such  proportions  as  to  render  the 
addition  of  a  flux  needless,  is  very  slight." 

Another  sample  of  iron  ore  from  near  Duluth,  was  sent  Prof. 
Morley  with  instructions  to  determine  the  quantity  of  any  thing 
he  might  find  in  it  of  commercial  value.  After  giving  the  details 
of  the  process  of  analysis,  he  says;  "You  will  see  that  every- 
thing of  any  commercial  value  is  pretty  thoroughly  excluded.  It 
is  an  iron — ^magnesium — sodium  silicate  ;  with  not  enough  iron  to 
make  it  of  value  as  an  iron  ore.* ' 

The  first  mentioned  iron  ore  resembles  an  iron  ore  found  in  the 
northern  part  of  Rhode  Island,  where  it  occurs  in  a  protruded 
mass,  in  some  respects  resembling  porphyry. 
Respectfully  submitted, 

S.  F.  Pbckham, 

MnwTBAPoLis,  Jan,  9, 1877.  State  Chemist^ip 
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V. 
BOTANY. 


The  survey  has  received  a  hearty  response  to  the  following  cir- 
cular, which  was  issued  in  conformity  with  the  instructions  of  the 
Regents,  in  the  spring  of  1876 : 

THE    GEOLOGICAL   AND    NATURAL   HISTORY    SURVEY   OP 
IHNNESOTA. 

(BOTANY.) 

2o  the  BotanUU  of  the  8taU  : 

At  the  EDiiixal  meeting  of  the  Board  of  Regents,  held  in  St.  Paul  in  De- 
cember, 1876,  action  was  taken  ordering  the  commencement  of  a  thorough 
and  systematic  examination  of  the  flora  of  the  state.  This  was  done  In 
conformity  to  the  law  ordering  a  geological  and  natnralhlstory  survey  of  the 
state,  and  placing  it  in  charge  of  the  Regents  of  the  University.  One  claose 
of  that  law  reads  as  follows : 

**  Sko  8.  The  natural  history  survey  shall  include,  lArst,  an  examination 
of  the  vegetable  prodactions  of  the  state,  embracing  aU  trees,  shrubs,  herbs 
and  grasses  native  or  naturalized  In  the  state ;  second,  a  complete  and  sci- 
entific account  of  the  animal  kingdom  as  properly  represented  in  the  state, 
including  all  mammalia,  fishes,  reptiles,  birds  and  insects." 

In  the  prosecatlon  of  this  examination  it  is  expected  that  the  Regents  will 
have  the  assistance  of  the  botanists  of  the  state,  and  it  is  for  their  informa- 
tion that  the  following  suggestions  are  made  concerning  the  collection  and 
preservation  of  information,  and  especially  of  botanical  specimens. 

1st.  Make  as  ftiU  notes  as  possible  on  the  flora  of  year  own  locality,  not 
only  naming  species,  bat  mentioning  peculiarities  and  variations  of  strac- 
tnre,  habitat,  color,  and  relative  abundance.  Recollect  that  there  is  no 
pabllshed  text  book  that  professes  to  give  an  account  of  the  flora  of  tlie 
countiy  west  of  the  Mississippi  in  this  latltade,  and  that  you  are  very  largely 
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aD  independent  obnerveB.  Therefore  repeated  Teri0catIons  of  an  observed 
variation  or  pecoliarity,  or  of  a  species  not  named  in  the  ikmlliar  text-books^ 
shonld  be  made  before  reporting  euch  observation  as  a  fact, 

2d.  Collect  and  preserve  as  many  specimens  as  possible.  They  will  ex- 
emplify the  local  flora  of  your  region,  and  will  serve  as  daplicates  for 
exchange  with  other  portions  of  the  state  and  with  foreign  botinists.  The 
most  valuable  portion  of  yonr  contribation  to  the  survey  will  be,  after  all» 
the  collections  which  yon  may  make  and  forward  for  careltl  ldentlfl6ation. 

8d.  It  is  the  design  of  the  Regents  to  collect  together  at  the  University, 
a  complete  representation  of  the  plants  of  the  state  as  ordered  by  the  law, 
and  to  have  them  so  arranged  and  exhibited  that  they  can  be  seen  for 
comparison  by  any  of  the  botanists  of  the  state  that  may  wish  to  examine 
them. 

4th.  For  aid  in  the  study  of  the  flora  of  t^e  state,  the  following  works 
will  be  useftil : 

Gray's  Manufll  of  Botany. 

Torrey  ft  Gray's  Flora  of  North  America^  2  vols.,  to  Lobeliacece, 

De  CandoUe's  Prodromus,  18  vols.,  down  to  Endogena^, 

U.  S.  Geological  Exploration  of  the  Fortieth  parallel.  Vol.  Y,  Botany. 
(Watson.) 

Pacific  R.  R.  Reports. 

Transactions  of  the  St.  Louis  Academy. 

Proceedings  of  the  American  Academy,  Philadelphia. 

Catalogue  of  the  Plants  of  Minnesota^  by  I.  A.  Lapham,  published  in  the 
Annual  Report  of  the  State  Horticultural  Society  for  1875.  Furnished  by 
the  Secretary  of  the  Society. 

Hayden's  Nebraska  Plants. 

Hooker's  Fl.  Hot.  Am.,  2  vols. 

Flora  of  Colorado,  I  vol.,  Porter  ft  Coulter. 

Nuttall's  Genera,  2  vols. 

Bentbam's  Genera,  4  parts. 

5th.  It  is  evident  that  there  is  no  botanist,  nor  even  any  public  library  in 
the  State  that  possesses  the  books  necessary  for  the  thorough  study  and 
satisfactory  determination  of  the  species  of  our  flora.  Within  certain  limits 
oar  flora  can  be  studied,  but  the  burden  of  our  flrst  efforts  must  be  the  col- 
lection of  specimens.  Their  exhaustive  study  can  only  be  done  by  experts, 
with  the  ftiUest  facilities  for  comparison. 

6th.  The  present  design  of  the  survey  \b  to  act  as  a  means  ol  communi- 
cation between  botanists  of  the  state,  to  enable  them  to  compare  specimens, 
and  as  a  depository  for  duplicates.  To  this  end  exchanges  will  be  made 
with  such  as  desire  to  compare  species,  and  any  aid  or  information  will  be 
rendered  that  it  is  possible  to  give.  Lists  of  the  local  flora  in  different 
parts  of  the  state  shonld  be  made  out  as  thoroughly  as  possible,  to  Judge  of 
the  distribution  of  species.  The  areas  that  are  covered  with  timber  in  the 
Tarions  counties,  or  townships,  and  the  kinds  of  trees,  shonld  be  stated.  It 
is  highly  desirable  that  a  local  botanist  be  assigned  to  the  working  up  of 
each  county.    For  this  purpose,  the  survey  should  be  lumished  with  the 
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names  of  such  botanists  ^is  are  known  to  be  Int^ested  Id  oar  state  flon. 

Annnal  reports  made  by  such  local  botanists  would  indicate  the  progress  of 

the  work. 

N.  H.  WINCHELL. 
Thb  Univbbsity  op  Minnksota, 

May  1st,  1876 

The  survey  has  received  several  hundred  specimens  representing 
the  flora  of  the  state,  and  others  have  been  gathered  by  Mr.  Leon- 
ard and  Mr.  Uerrick,  assistants  on  the  survey.  Nothing  syste- 
matic has  been  attempted  in  the  way  of  identifications,  but  through 
the  kindness  of  others,  chiefly  Mr.  0.  E.  Garrison,  of  St.  Cloud, 
and  Dr.  A.  E.  Johnson,  of  Minneapolis,  valuable  assistance  has 
been  rendered  in  determining  our  local  flora. 


FUNGI 


BY  DR.  A.  E.  J0HK80K. 


Prof.  N.  H.  Winchell ; — I  believe  no  attempt  prior  to  this  has 
1)een  made  to  collect  and  list  the  Mycologic  Flora  of  Minnesota. 
As  a  small  contribution  to  the  Natural  History  of  Minnesota,  I 
present  the  following  list  of  plants,  in  the  Mycologic  Flora  of  our 
state,  for  such  use  as  jrou  may  be  pleased  to  make  of  it. 

The  list  has  been  collected  mainly  from  Hennepin  county  ;  some 
from  Anoka,  Ramsey  and  Wright  counties. 

I  have  placed  the  Gen.  or  Sub-Gten.  before  each  species;  as  for 
example,  Sub-Gen.  1.  Amanita,  Hence,  in  reading  Agaricus  vagi- 
natuSy  the  word  Amanita  should  be  supplied  thus:  Agaricus  {Am»- 
nita)  vaginatus.  Bull.  And  so  with  all  the  species  under  each  Gen. 
or  Sub-Gen.  Following  the  specific  name  of  the  species  are  initials 
or  letters  used  by  botanists  to  designate  the  name  of  the  author  of 
the  species,  and  immediately  following  is  the  common  name  of  the 
plant  if  it  has  received  one  ;  then  follow  such  words  as,  wood,  woods, 
ground,  sticks,  stumps,  epiphyjbal,  terrestrial,  etc.,  indicating  the 
habitat,  and  lastly  the  month  or  months  in  which  the  plant  is 
found  in  our  climate.  If  there  is  but  one  month  named,  the  plant 
has  only  been  observed  in  that  month,  but  if  two  months  are 
named,  as  June,  Nov.  the  plant  has  been  observed  in  both  months 
and  most  always  during  the  intervening  months: 
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DiYisiON  1.    Sporlf^ra. 
Family  1.    Hymenomycetes. 
Ordmb  U   Agariclnl. 
8BBIS8  1.    Leacospori.    Spores  white. 
SuB-OsN.    AmaDita     Pers. 
Gbn.    Agarlcas.    £. 

1.  Agarlcns  vaginatos.  BulU    Slick  Amanita.    Woods.    Aagast. 

2.  A.  Ceciliae.  B.  <ft  Br.    Grey,  ringless  Amanita.    Woods.    Aug.,  Sept. 
8.    A.adnatos.  /S'mttA.    Adoate-gllled  Amanita.    Woody  places.    Aug. 

4.  A.  yernns.    Bull,  Spring  Amanita.  Woods,  open  places.  June  to  Aug 

5.  A.  phalloldes.    Fr,    Stinking  Amanita.    Woods.    August,  Nov. 

6.  A.  mappa.    Batsch.    Delicate  Amanita.    Under  trees,    i^olsonous. 

7.  A.  mnscarlus.  L.  Fly  Amanita.  Thin  woods.  Aug.  &8ept.  Poisonous. 

8.  A.  excelsus.    Fr,    Tall  Amanita.    Woods.    Aug.  and  Sept. 

9.  A.pantherinus.    D,  C.    Spotted  Amanita.    Woods  and  open  ground . 

10.  A.asper.    Fr.    Bough  Amanita.    Woods.    June  to  Sept. 

SuB-OsN.    Lepiota.    jFV. 

11.  A.  procerus.    Scop.    Parasol  mushroom.   Woods.    Aug.  to  Sept. 

12.  A.  excoriatus.    8chmf.    Flaky  Lepiota.    Woods.    May  to  Sept. 
18.  A.  gracilentus.    Kromhh,    Slender  Lep.    Ground.    Sept.    Edible. 
U.  A.  acutesquamoBUS.     Wm,    Squarrose  Lepiota.    Ground.    July. 

15.  A.  clypeolarins.    Bull.    Fragrant  Lepiota.    Woods,    Ju. 

16.  A.  Americanus.    Peck.    Prairies.    Aug.  to  Sept. 

17.  A.  cristatus.    Fr.    Stinking  Lepiota.    Woods,  fields.    Aug. 

18.  A.  naucinus.    Fr.    Large  spored  Lepiota.    Woods.    Aug.  to  Sept. 

19.  A.  granulosus.    Bauch.    Granular  LeplotlC.    Forests.    July. 

20.  A.  polystlctus.    Berk.    Little  Brown  Lepiota.    Ground.    July. 

Sub-Gbn.    ArmiUaria.    Fr.   * 

21.  A.  melleus.    Vahl.    Honey-co)oured  Armlllaria.    W.    Aug  to  Sept. 

Sub-Gbn,    Tricholoma.    Fr.  ,. 

22.  A.  yaccinus.    Pen.    Scaly  Tricholoma.    Ground,  in  woods.    Sept. 
28.  A.  crassifolins.    Berk.    Thick-gilled  Tricholoma.    Larch  swamps. 
24.  A.  yarigatus.    Scop.    Variegated  Tricholoma.    Ground.    June,  Joly. 
26.  A.  sulftireus.    Bull.    Sulphury  Tricholoma.    Woods.    July,  Aug 

26.  A.  gambosus.    Fr.    St.  George's  Mushroom.    Grassy  ground.    June. 

27.  A.  melaleucus.    P.    Changeable  Tricholoma.    Cleared  ground.    Sept . 
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Sub-Gbn.  CUtocybe.    Fr. 

28.  A.  DebnlArls.  Batsch,    Cloaded  CUtocybe.  On  ground  in  woods.  Sept. 

29.  A.  Adirondackensis.  Peck,    Smooth  Clitocybe.    Woods.   Aug.,  Sept 

30.  A.  candtcans.    Fr,    Whitish  Clitocybe.    Woods.    Sept. 

81.  A.  phjrllophllas.    Fr.    Leaf-loving  Clitocybe.    Woods.    Sept. 

82.  A.  dealbatns.    P.    Ivory  Clitocybe.    Woods.    Jaly. 

83.  A.  gigantens.    Fr,    Oiant  Clitocybe.    Woods.    Sept. 

34.  A.  cyathiformis.    Fr.  Cup-shaped  Clitocybe.    Woods.  Ang.,  Sept. 

85.  A.  laccattis.    Scop.    Waxy  Clitocybe.    Woods.    Jane-Oct. 

86.  A.  cerassatns.    Fr,    White  lead  clitocybe.    Larch.    May. 

87.  A.  radio- zon aria.    n.  sp.    Radiated  Clitocybe.    Ground,  wood.    June. 

A  Aill  description  in  Bulletin  of  the  Minnesota  Academy  of  Natural  Sci- 
ences for  1876. 

SuB'Gbn.    Pleurotus.    Fr. 

88.  A.  ostreatus.    Jacq,    Oyster  Pleurotus.    Trunks  in  woods.    July. 

89.  A.  seratinus.    Schrad.    Tellowlsli  Pleurotus.    Larch.    May. 

40.  A.  mastrucatus.    Fr,    Imbricated  Pleurotus.    On  wood.    June. 

41.  A.  atrocodruleus.    Fr,    Blue-black  Pleurotus.    On  wood.    July. 

42.  A.  sulAiroldes.    Peck,    Pine  logs,  &c.    Sept. 

48.    A.  serotinoides.    Peck,    Trunks  in  woods.    Nov. 

Sub-Gkn.  Collybla.    Fr. 

44.  A.  radicatus.    Belh.    Rooting  Collybla.    Ground,  stumps.    July. 

46.  A.  velutipes.    Curt,    Velvet-stemmed  Collybla.    Stumps.    May. 

46.  A.  confluens.    P.    Confluent  Collybla.    Woods.  .  July. 

47.  A.  cirrhatus.    Schum.    Cirrhate  Collybla.    June,  September. 

48.  A.  tuberosus.    Bull,    Tuberous  Collybla.    Ground,  &c.    Aug.,  Oct. 

49.  A.  acervatns.    JPV*.    Tufted  Collybla.    Woods.    Aug.,  Oct. 

50.  A.  xanthopus.    Fr.    Yellow-stemmed  Oollybia.    Ground.    July,  Aug. 

51.  A.  dryophilQS.    B\tll.    Wood  Collybla.    Epiphytal.    June  to  Oct. 

52.  A.  exsculptus.    Fr,    Sulphur-gill  Collybla.    Ground.    Sept. 
58.  A.  plexipes.    Fr.    Twisted  Collybla.    On  trunks. 

54.  A.  stlpitarius.    Fr,    FlbriUose  Collybla.    Epiphytal.    July  to  Aug. 

Sub-Gen.    Mycena.    Ft, 

55.  A.  praelongus.    Peck.    Epiphytal.    Swamps.    June  to  July. 

56.  A.  paluster.    Peck,    Larch  swamps.    Sphagnum.    June. 

57.  A.  radius,    n.  ap.    Pale-yellow  Mycena.    Ground.    May. 

See  Bulletin  of  the  Minn.  Acad,  of  Natural  Sciences.    1876. 

58.  A.  strobillnus.    Pers,    Pir^cone.    Mycena.    Epiphytal. 

59.  A.  purus.    P.    Amethyst  Mycena.    Larch  swamps.    June  to  July. 
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«0.  A.  panperculus.    JBierk.    LUtle-stamp  Mycena.    Jnly. 

61.  A.  sangaineolentas.    A,  A  S.    Stinking  Mycena.    Jane  to  Oct. 

62.  A.  crocatns.    Schrad,    The  Stalner.    Woods.    Jane  to  Jaly. 
^.  A.  epipterygios.    Scop,    Yellow-stem  Mycena.    Jnly  to  Ang. 

64.  A.  stylobates.    P.    Discoid  Mycena.    Epiphytal.    Woods.    Aug. 

65.  A.  corticola.    Schum.    Baric  Mycena.    Jaly,  Ang. 

66.  A.  capiUarls.    Sehum.    Capillary  mycena.    Leayes.    Aug. 

8ub-0kn.    Ompbalia.    Fr. 

67.  A.  pyxldatQs.    Bull,    Variable  Omphalia.    Ground.    July. 
^.    A.  affhcatus.    Fr.    Hairy  Bog  Omphalia.    Qround.    July. 

69.  A.  muralls.    Saw*    Wall  Omphalia.    Ground.    July. 

70.  A.  umbilliferus.    L.    Common  Omphalia.    Ground.    Jaly.  Sept. 

71.  A.  mftilas.    B.  &  Br,    Beddish  Ompahlia.    Ground.    July. 
73.  A.  campanella.    BcUsch.    Tawny  Omphalia.     Larch  swamps. 
78.  A.  chrysens.    Ptck,    Logs  in  woods.    August. 

71.    A.  flbala.    Bull,    Button  Omphalia.    Ground.    June,  Oct. 

76.    A.  gracillimus.     WHnm,    Delicate  Omphalia.    Epiphytal .    Aug. 

76.  A.  integrellus.    P.    Little-white  Omphalia.    Epi.    Aug.,  Sept. 

Skribs.  2.    Hyporhodii.    Fr, 
Sub-Gen.    Volvaria.    Fr. 

77.  A.  bombycinus.    Scho^.    Sillcy  Volvaria.    Epiphytal.    July,  Aug. 

78.  A.  Tolvaceus.    Bull.    Store  Volvaria.    Ground.    July,  Aug. 

79.  A.  Taylori.    Berk,    Ti^lor's  Volvaria.    Ground.    Aug.,  Sept. 
^0.  A.  gloiocephalus.    Fr..  Umbonate  Volvaria.    Ground.    June. 

Sub-Grn.    Chamseota.    Smith, 

61.    A.  cretaceus.    Fr,    Chalky  Chameota.    Ground.    Aug. 

Sub-Gkn.    Pluteus.    Fr. 

82.    A.  cervinus.    Scfaxff.    Fawn  Pluteus.    Ground.    May,  Oct. 

88.  A.  nanus.    P.    Mealy  Pluteus.    Logs  in  woods.    Aug. 

8i.  A.  petasatus.    Fr,    BroaA-capped  Pluteus.    Epiphytal.    Aug. 

65.  A.  leoninus.    Schaff,    Yellow  Plute)is.    On  wood.    Aug.,  Oct. 
86.  A,  chrysophffius.    SchKff,    Dingy  Fluteus.    On  wood.    Aug. 
67.  A.  phlebophorus.    DUm.    Veined  Platens.    On  wood.    Aug. 

Sxtb-Grn.    Entoloma.    Fr. 

66.  A.  strictior.    Peck,    Ground.    Sept.,  Oct. 

89.  A.  sinuatus.    JFV.    Woods.    Ground.    Poisonous.    July. 

t90.    A.  prunuloides.  Fr,    Plum-lilie  Entoloma.    Woods,  ground.   Sept. 

Digitized  by  VJ^^V  IC 


70  GEOLOGICAL  AND  NATURAL  HI8T0BT 

91.  A.  helodes.    J^r.    Moor  Entoloma.    Ground,  woods.    Sept. 

92.  A.  repandus.    BulL    Repaod  £iiU>loma.    Ground,  woods.    July. 

93.  A.  ardociacis.    Bull.    Meadow  Entoloma.    Ground,  woods.    Sept. 

94.  A.  sericellos.    JFV.    Silky  Entoloma.    Woods.    Aug.,  Sept. 

95.  A.  rhodopolias.    Fr.    Rosy  Entoloma.    Ground,  woods.    Aug.,  Sept. 

96.  A.  costatus.    Dr,    Costate  Entoloma.    Ground.    Sept. 

97.  A.  cuspldatns.    Peck.    Swamps.    Sphagnus  marshes.    Sept. 

Sub-Gbn.  Clitopilas.    Fr. 

98.  A.'prunulus.    Scop.    Plum  Clitopilus.    Woods,  ground.    Season. 

99.  A.  cretatus.   Berk.    Chalky  Clitopflus.    Woods,  ground.    Aug.,  Sept. 

100.  A  noveborasensis.     Peck.    Dingy  white  Clitopilus.     Ground.    Aug. 

101.  A.  Woodlanus.    Peck.    On  ground,  and  wood.    Sept. 

102.  A.  undatus.    Fr.    Waved  Clitop.    Aug.,  Sept. 

Sub-Gkn.  Claudopus.    Smith.    Seem.  Journal. 

108.    A.  euosmus.    Berk.    Tarragon  Clan.    Wood.    June. 

104.  A.  depluens.    Batech.    Ground  Clau.    Ground.    Sept. 

Sub-Gbn.    Leptonia.    Fr. 

105.  A.  chalybeus.    P.    Steel-blue  Leptonia.    Prairies.    July,  Sept. 

106.  A.  incanus.    Fr.    Hoary  Leptonia.    Prairies.    Dayton.    Aug. 

Sub-Gbn.    Nolanea.    Fr. 

107.  A.  pascuus.    P.    Pasture  Nola.    Wet  prairies.    June. 

108.  A.  rufo-carneus.    Berk.    Red-brown  Kola,    Marshes.    Aug.,  Sept. 

109.  A.  Babingtonil.    Blox,    Babington's  Nola.    Woods.    Sept. 

110.  A.  conlcus.    Peck.    On  rotton  wood.    Swamps.    Aug. 

111.  A.  dellcatulus.    Peck.    Delicate  Nola.    Larch  swamp.    Aug. 

112.  A.  Clintonianus.    Peck.    Clinton's  Nola.    Swamps.    Aug. 

Sbribs  8.    Dermlni.    Fr. 
Sub-Gbn.    Phollota.    Fr. 

118.  A.  precox.    P.    Spring  Phol.    Prairies.    May. 

114.  A.  coroosns.    Fr.    Hairy  Phol.    Decaying  trunks.    Aug. 

115.  A.  squarrosus.    Mull.    Scaly  Phol.    Trunks.    Aug. 

116.  A.  flammans.    Fr.    Yellow  scaly  Phol.    Ground.    June. 

117.  A.  temnophyllus.    Peck.    Brownish  Phol.    Ground.    June,  July. 

Sub-Gbn.    Hebeloma.    JFV. 


118.  A.  punctatus.    Fr.    Ground  in  woods.    Sept. 

119.  A.  cmstuUniformis.    BuH.    Ring  Hebeloma.    Woods, 

Digitized  by 


^ept.     y 

Google 


SURVEY  OP  MINNESOTA.  71 

ISO.  A.  fiftstibilis. ,  Fr.    Ochrey  Hebe.    Woods.    Jnly-Oct.    Common. 

131.  A.  stellatosporus.    Peck.    Stellate  Hebeloma.    Oronnd.    Sept. 

122.  A.  griseo  cabrosas.    Peek.    Bough  Hebeloma.    Popple  grovea.   Sept. 

128.  A.  ilUcitna.    Peek.    Smooth  Hebeloma.    Popple  groves.    Sept. 

124.  A.  aacophoraa.    Peek.    Viscid  Hebeloma.    Burned  ground.    Sept. 

126.  A.  mntatns.    P.    Changeable  Hebeloma.    Ground.    July,  Aug. 

126.  A.  pyrlodorus.    P,    Pear-scented  Hebeloma.    Woods.    Sept. 

127.  A.  obscnrns.    P.    Violet  Hebeloma.    Groond.    July. 

128.  A.  floccnlosns.    Berk.    Ploccnlose  Hebeloma.    Ground.    Sept* 

129.  A.  deglubens.    Fr.    Peeling  Hebeloma.    Woods.    Aug.,  Sept. 

180.  A.  fastigiatuR.    J^.    Peaked  Hebeloma.    Woods.    July. 

181.  A.  rimosqs.    Bull.    Cracked  Hebeloma.    Ground.    June»  Sept. 

182.  A.  trechisporus.    Berk.    Bough-spored  Hebeloma.    Ground.    Aug. 
188.  A.  aurlcomus.    Battch.    Golden-haired  Hebeloma.    Woods.  •  July. 
184.  A.  flocnlentus.    Poll.    Woolly  Hebeloma.    Ground.    July. 

Sub-Gbn.  Flammula.    Fr. 

188.    A.  polychrous.  PerA;.   Beddlsh  Flammula.  Ground,  wood.  Aug.,  Sept. 

186.  A.gummosus.    Lasch.    Viscid  Flammula.    Wood.    July. 

187.  A.  saplneus.    Fr.    Bright-Spored  Flam*    Ground  and  wood.    Aug. 

Sctb-Gbn.  Crepidotns.    Fr. 

188.  A.  mollis.    SehfBf.    Soft  Crepidotns.    On  wood.    July-Get. 

S0B-GBN.  Naucoria.    Fr. 

189.  A.  semiorbicularis.    Bull.    Half-round  Naucoria.    Dung.    June. 

140.  A.  vernalis.    Peck.    Decaying  wood.    June. 

141.  A.  lignlcola.    Peck.    Decaying  wood.    June. 

142.  A.  erinaceus.    JFV.    Hedgehog  Naucoria.    W6od.    Nov. 

Sub-Gkn.  Galera.    Fr. 

148.  A.  ovalls.    JFV.    Oval  Galera.    Cow-dung.    Aug. 

144.  A.  tener.    Schaff.    Slender  Galera.    Dung.    July-Oct. 

145.  A.  sparteus.    Fr.    Meadow  Galera.    Mossy  ground.    June. 

146.  A.  hypnorum,    Batach.    Moss-loving  Galera.    July.  Sept. 

147.  A.  sphagnorum.    Pers.    Bog-moss  Galera.    July,  Sept. 

Sub-Gbn.    Tubaria.    Smith.    Journ.,  1870. 

148.  A.  inquilinus.     Fr.   Little  Tubaria.    On  wood,  swamps.    June,  Sept. 

149.  A.  Airftiraceus.  P.    Mealy  Tubaria.    Chips,  wood.-  July,  Sept. 
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Series  4.    Praetellae.    ^\ 
8ub-6bn.    Psalliota.    Fr. 

150.    A.  campestris.    L.    Common  Mnshroom.    Ground.    August. 

Vdr,    pratenais.     VUt,  Rich  mack.    Aug. 

Var.    silvicola.     Vitt,    Ramsey  and  Wright  counties,    Aug. 
15L    A.  silvaticus.    Schctff,    Wood  Psalliota.   Woods.    Aug. 
162.    A.  Johnsonianus.    Peek.    Woods.    Sept. 

Sub-Oezt.    Pilosace.    Fr. 

15?,    A.  exlmius.    Peek*    Decaying  logs  in  woods.    Sept. 

Sub-Gen.    Stropharla.    Fr, 

154.    A.  stercorarius.    Fr,    Dung  Stropharla.    May«  Sept. 

165.  A.  semiglobatus.    Bateeh,    Semiglobose  Stropharla.    June,  Sept. 

Sub-Gek.    Hypholoma.    Fr.  Sab.    Generally  on  stumps. 

166.  A.  sublateritins.    Fr.    Brick-red  Hypholoma.    Sept. 

167.  A.  fliscicularls.    Hud.    TufteU  Yellow  Hypholoma.    Sept. 

168.  A.  lacrymabundus.    Fr,    Weeping  Hyph.    July,  Nor. 

169.  A.  Ytilutinus.    P.    Velvety  Hyph.    Trunks.    July. 

160.  A.  perplexus.    Peek.    Ground  about  stumps.    Sept. 

161.  A.  phyllogenus.    Peck.    Fallen  leaves.    July 

Sub-Gen.    Psilocybe.    F^.  Sab,    Mostly  on  the  ground. 

162.  A.  limicola     Peck.    Aug.,  Sept. 

168.    A.  spadlceus.    Schai.    Bay  Psilocybe.    Wood.    Ground.    Aug. 
164.    A.  cemuus.    Mull.    Nodding  PsUocybe.    Wood.    Ground.    Sept. 
166.    A.  fodnisecil.    P.    Brown  Psilocybe.    Ground.    Sept. 

Sub-Gbn.    Psathyra.    Fr.  Sab.    Ground.    Wood. 

166.  A.  mastiger.    Berk  db  Br.    Peaked  Psathyra.    Ground.    Aug.,  Sept 

167.  A.  corrugis.    P.    Wrinkled  Psathyra.    Ground.    Aii^g. 

168.  A.obtusatus.    Fr.    Obtuse  Psathyra,    Ground.    June. 

Sbbies  6.    Coprlnarii.    Fr.    Spores  black. 
Sub-Gen.    PansBolus.    J^.    Mostly  on  dung. 

169.  A.  separatus.    L.    Ochrey  Panseolus.    June,  Sept. 

170.  A.  leucophanes.    B.  ^  Br,    Shiny- White  PansBolus.    May,  Aug. 

171.  A.  flmiputrls.    Bull.    Dark-gray  Paneeolus.    June,  Aug. 
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172.  A.  campAQulams.    X.    Campannlate  PaD»olas.    Jane,  Aag. 

178.  A.  papilionaceiWk    Bull,    BatterflyFaneolas.    June,  Jaly<b 

174.  A.  solldlpes.    Peek.    July.  , 

176.  A.  flmicola.    Fr.    Dang  PansBOlus.    June. 

Sub-Qbn.  Psathyrella.    Fr, 

176.  A.  graciUfi.    Fr.    Slender  Psathyrella.    Sept. 

177.  A.  proDUS.    jFV*.    Stooping  Psathyrella.    Ground.    Sept. 

178.  A.  atomatns.    J^V*.    Sprinkled  Psathyrella.    Manure.    June,  July. 

179.  A.  dlsseminatus.    J^V*.    Clustered  Psathyrella.    Woods.    July,  Sept. 

180.  A.  odoratus.    Peck.   Manure  heaps.    May,  June. 

6kn.  2.    Coprlnus.    Fr.  v 

181.  C.  comatus.    Fr.    Shaggy  Coprlnus.    Rich  ground.    Sept. 

182.  C.  atramentarlus.    Fr.    Inky  Coprlnus.    Dung.   June,  July. 
188.  C.  fuscescens.    Fr,    Brownish  Coprlnus.    Wood.    June,  July. 
184.  C.  plcaceus.    Fr.    Magpie  Coprlnus.    Ground.   Sept. 

186.  0.  slmllls.    B.  dt  Br.    Striate  Coprlnus.    Wood.    Sept. 

186.  C.  flmetarlus.  'Fr.    Shaggy-dung  Coprlnus.    June,  July. 

187.  C.  tomentosus.    JV.    Downy  Coprlnus.   Dung.    May,  June. 

188.  C.  mlveus.   Fr.    Snowy  Coprlnus.    May,  June. 

189.  C.  mlcacens.    I^.    Glistening  Coprlnus.    May,  Sept. 

190.  C.  deliquesc^ns.    J^.    Deliquescent  Coprlnus.   June. 

191.  C.  lagopus.    jFV*.    Hare's  foot  Coprlnus.    Dung.    July. 

192.  C.  radlatus.    JFV.    Delicate  Coprlnus.   Dung.    May,  June. 
198.  C.  ephemerus.   Fr.   Ephemeral  Coprlnus.    May,  June. 

194.  C.  inslgnls.    Peck.    About  roots  of  trees.   July,  Aug. 

195.  C.  angulatus.    Peck.    Ground  fn  woods.    Aug.,  Sept. 

196.  C.  pllcatllls.    JFV.    Rich  ground.    June,  July. 

197.  C.  hemeroblus.    Fr.    Collared  Coprlnus.    July. 

198.  C.  sllvaticus.    Peck.    Ground.    Sept. 

199.  C.  semilanatus.    Peck.    Dung.    Aug. 

Gen.  8.    Bolbltius.    Fr.    Manure,  rich  soil. 

200.  B.  Boltonl.    Fr.    Bolton's  Bolbltius.    Dung.    June,  Sept. 

201.  B.  fragUis.    Fr.    Fragile  Bolbltius.    Epiphytal.    May,  Aug. 

202.  B.  tltubans.  i^.  Wavering  Bolbltias.  Ground.  Forest.  Open.  Ju.,  Oct. 
208.  B.  apicalis.  SmUh.  Two-coloured  Bolbltius.  Ground.  June,  July. 
204.  B.  nobllis^    Peek.    Noble  Bolbltius.    Ground.    Woods.  Sept. 

.    Gbn.  4.    Cortinarius,  Fr. 

Sttb-Gxn.  1.    Phlegmaclum.    Fr. 

206.    C.  yarlus.    i^.    Variable  Cort.    Ground.    Woods.    Aug.,  Sept.  r 
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206.  C.  cyanipes.    Fr.    Blue-stemed  Cort.    Woods.    July,  Aug. 

207.  C.  rassQS.    Fr,    Ruddy  Cort.    Woods.  .  Sept. 

208.  C.  coloratus.    Peck,    AmoDgst  moss.    Larch  swamps.    Sept. 

209.  *C.  commuols.    Fwk.    Woods.    Sept. 

210.  C.  multiformis.    Fr.    Multiform  Cort.    Woods.    Sept. 

211.  C.  glaucopus.    Fr.    Brown-zoned  Cort.    Sept. 

212.  C.  callochrons.    Fr.    Tawny- viscid  Cort.    Woods.    Aug.,  Sept* 
218.  C.  coBrulescens.    Fr.    Azure-blue  Cort.    Woods.    Sept. 

214.  C.  turbinatus.    J^.    Top-shaped  Cort.    July,  Sept. 

215.  C.  scaurus.    Fr.    Club-footed  Cort.    Woods.    Sept. 

216.  C.  corrugatns.    Peek.    Woods.    June. 

Sub-Gkn.  2.    Myxacinm.    Fr. 

217.  C.  collinitus.    Fr.    Bmeared  Cort.    Woods.    Sept. 

218.  C.  spbierospoms.    Peck.    Woods.    Sept. 

Sub-Gbn.  8.    Inoloma.    Fr, 

219.  C.  violacens.    Fr.    Violet  Cort.    Woods.    Aug. 

220.  C.  camphoratus.    Fr.    Strong-scented  Cort.    Ground.    Sept. 

221.  C.  callisteus.    Fr.    Stout  Cort.    Woods.    August. 

222.  C.  pliolideus.    Fr.    Scaly  Cort.    Woods.    Sept. 
228.  C.  sublanatus.    Fr.    Woolly  Cort.    Woods.    Sept. 
224.  C.  lilacinus.    Peck.    Woods.    Sept. 

226.  C.  squamulosus.    Peck.    Scaly  Cor(.    Woods.    Aug.,  Sept. 

226.  C.  asper.    Peck.    Newly  cleared  places.    Sept. 

Sdb-Gbn.  Dermocybe.    Fr, 

227.  C.  anomalus.    Fr,    Tbin-capped  Cort.    Woods.    Sept.    Oct. 

228.  C.  spilomeus.    Fr.    Scaly-stemmed  Cort.    Woods.    Sept. 

Sub-Gbn.  Telamonla.    Fr, 

229.  C.  bulbosus.    Fr.    Bulbous  Cort.    Woods.    Aug.,  Sept. 

280.  C.  lignarlus.    Peck.    Decayed  wood.    June. 

281.  C.  Itmonius.    Fr.    Lemon  Cort.    Decaying  pine.    June. 

282.  C.  hinnulens.    Fr.    Fawn  Cort.    Woods.    June. 

288.  C.  psammocephalus.    'Fr,    Little  Tawny  Cort.    Woods,    Aug.,  Sept. 

284.  C.  illeopodius.    Fr.    Tan-colored  Cort.    Woods.    June,  Sept. 

SuB'Gbn.  Hygrocybe.    Fr. 

285.  C.  Armeniacns.    Fr.    Peach  Cort.    Woods. 

286.  C.  vemalis.    Peck.    Spring  Cort.    Ground.    June. 

287.  C.  castaneus.    Fr.    Chestnut  Cort.    Woods.    Sept. 

288.  C.  Beedil.    Berk.    Reed's  Cort.    Shores  of  lakes.    June. 
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289.    C.  lencopos.    Fr.    White-stemmed  Cort.    Woods.    May. 

240.  C.  declplens.    JFV.    Deceptive  Cort.    Woods.    Sept. 

6bn.  I/epister.    Sfmtih,    Sleem.  Joar.  1870. 

241.  L.  nndla.    Bull.    Amethyst  Lep.    Woods.    Prairies.    Aug.  Sept. 

242.  L.  personata.    Fr.    Pnrple-stemmed  Lep.    Ground.    Aug.  Sept. 

Gen.  PaziUas..  Fr, 

248.    P.  involatns.    Fr.    Involute  Pax.    Ground  in  woods.    Aug.  Sept. 

244.  P.  strigosus.    Peck.    Hairy  Pax.    Ground,  woods.     Sept. 

Gbn.  Hygrophorus.    Fr.    Terre^itrial.    Woods,  on  ground. 

245.  H.  eburenns.    JFV.    Ivory  Hygroph.    Woods.    Sept.,  Oct. 

246.  H.  cossus.    Fr.    Goat-moth  Hygroph.    Woods.    Sept.,  Oct, 

247.  H.  cerascinns.    B.    Waxy  Hygroph.    Woods.    Sept.,  O^t. 

248.  H.  aromaticus.    &    Aromatic  Hygroph.    Woods.    Sept. 

249.  H.  mesotephrus.  B.  dt  Br.  Brown-disk  Hygroph.  Woods.  Aug., Sept. 

250.  H.  hypothejus.  Fr.  Pina-wood  Hygroph.    Sandy  soil.  Woods.   Sept. 

251.  H.  ollvaceo-albus.    Fr.    Olive  Hygroph.    Woods.    Sept. 

252.  H.  leporinus,    Fr.    Hare-colored  Hygroph.    Terrestrial.    Sept. 
258.  H.  pratensls.    Fr.    Pasture  Hygroph.    Open  places,  woods.    Sept. 
854.  H.  niveus.    Fr.    Snow-white  Hygroph.     Mossy  ground.     Aug.,  Oct. 
255. .  H.  ceraceus.    Fr.    Wax-like  Hygroph.    Woods.    Sept.,  Oct. 

256.  H.  minlatus.    Fr.    Yermillion  Hygroph.    Woods.    Aug.,  Sept. 

257.  H.  coniscus.    Fr.    Conical  Hygroph.    Terrestrial.    Aug.,  Oct. 

258.  H.  nitidus.    B.  db  B.    Amongst  moss  in  wet  places.    Aug.,  Sept. 

Gbn.  Gomphidius.    Fr,    Terrestrial  mainly. 

259.  G.  viscidus.    Fr.    Viscid  Gomphidius.    On  wood.    Aug. 

Gbn.  LikCTARius.    Fr.    Terrestrial.    Mainly  in  woods. 

260.  L.  torminosus.    Fr.    Woolly  Lactarlus.    Aug.,  Oct. 

261.  L.  cilicioldes.    Fr.    Tomentose  Lact.    Sept. 

262.  L.  turpis.    Fr.    Dirty  Lact.    July. 

268.  L.  pubescens.     Schrcid.    Pubescent  Lact.    Aug.,  Sept. 

264.  L.  zonarius.    Fr.    Zoned  Lact.    Aug.,  Oct. 

265.  L.  blennius.    Fr.    Slimy  Lact.    Aug.,  Sept. 

266.  L.  pyrogalus.    Fr.    Pear-scented  Lact.    Aug.,  Sept. 

267.  L.  plumbeus.    Fr.    Lead- coloured  Lact.    Aug.,  Sept. 
266.  L.  chiysorrhsens.    Fr.    Yellow  juiced  Lact.    July,  Aug. 

269.  L.  piperatus.    Fr.    Peppery  Lact.    July,  Sept. 

270.  L.  vellereus.    Fr.    Woolly-white  Lact.    July. 

271.  L.  deliciosus.    Fr.    Delicious  Lact.    Aug.,  Oct. 
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272.  L.  palUdufl.    Ft.    Pallid  Lact.     Aag.,  Sept. 

278.  L.  theiogalos.    Fr,    Sulphur-Juiced  Lact.    Aug. 

274.  L.  cyathala.    Fr.    Cnp-llke  Lact.    Aug.,  Sept. 

276.  L.  glyclosxnus.    Fr.    Scented  Lact.    Aug.,  Oct. 

276.  L.  serlfluufl.    Fr.    Thln-julced  Lact.    Sept. 

277.  L.  ftillglnosue.    Fr.    Dingy  Lact.    July,  Oct. 

278.  L.  afflnls.    Peck.    Viscid  Lact.    Sept.,  Oct. 

279.  L.  Yolemus.    Fr.    Orange-browu  Lact.    July,  Sept. 
,  280.  L.  platyphyllus.    Peek.    Aug.,  Sept. 

281.  L.  sordldus.    Peck.    Sandy  solL    Sept. 

282.  L.  griseus.    Peck.    Low  ground.    Aug. 

Gen.  Bussula.    Fr.   Terrestrial.    Usually  late  Summer  and  Autamo. 

288.  B.  nigricans.    Fr.    Blackish  Bus.    July,  Aug. 

284.  B.  aduster.    Fr.    Scorched  Bus.    Sept.,  Oct. 

286.  B.  delica.    Fr.    Whitish  Bus.    Woods.    Aug. 

286.  B.  ftarcata.    Fr.    Forked  Bus.    Woods.    Sept. 

287.  B.  sangnlnea.    Fr.    Blood-red  Bus.    Woods.    July. 

288.  B.  rosacea.    Fr.    Bosy  Bus.    Woods.    July. 

289.  B.  sardonla.    Fr.    Changeable  Bds.    Woods.    July. 

290.  B.  depallens.    Fr.    Bleached  Bus.    Woods.    July. 

291.  B.  vlrescens.    Fr.    Greenish  Bus.    Woods.    July,  Sept. 

292.  B.  leplda.    Fr.    Scaly  Bus.    Woods.    July,  Aug. 
298.  B.  rubra.    Fr.    Bed  Bus.    Woods.    July,  Aug. 
294.  B.  fcstens.    Fr.    Foetid  Bus.    Woods.    Jaly,  Sept. 
296.  B.  emetica.    Fr.    Emetic  Bus.    Woods.    July,  Oct. 

296.  B.  flragllls.    Fr.    Fragile  Bus.    Woods.    July,  Aug. 

297.  B.  Integra.    Fr.    Sutlre  Bus.    Woods.    July,  Aug. 

298.  B.  decolorans.    Fr.    Discolored  Bus.    Woods.    Sept. 

299.  B.  veternosa.    Fr.    Sleepy  Bus. 

800.  B.  nltlda.    Fr.    Shining  Bus.    Woods.    Sept. 

801.  B.  alntacea.    Fr.    Tan-colored  Bus.    Woods.    July,  Aug. 

802.  B.  lutea.    Fr,   Yellow  Bus.    Woods.    August. 

808.  B.  chanueleontloa.    Fr.    Chameleon  Bus.    Woods.    Sept. 

804.  B.  marie.    leck.    Woods.    July,  Aug. 

Gbn.    Cantharellus.    Adams^  Fung. 

806.  C.  cibarlus.    Fr.    Edible  Chantarelle.    Woods.    July. 

806.  C.  aurantiacus.    Fr,    False  Chant.    Ground  and  wood.   Aug. 

807.  C.  umbonatus.    P.    Umbonate  Chant.    Ground.    July. 

808.  C.  tubsBformis.    Ft.    Tubceform  Chant.    Woods.    July. 

809.  C.  iDftindlballformis.  Ft.  Funnel-shaped  Chant.  Ground.  July,  Aug. 

810.  C.  minor.    Peck,    Ground  in  woods.    July,  Aug. 

811.  C.  dlchotomus.    Peck,    Damp  ground.    Woods.    July,  Aug. 

Gen.  Nyctalis.    Fr.    Gen.  Hymen. 

812.  C.  asterophora.    Fr.    Star-bearing  Nyctalis.  oPftadb^togiiL^^ept. 
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Gbn.  Marasmius.    Ft.    Epiphytal.    Terrestrial.  . 

818.  M.  oreades.    Fr.    Fairy-ring.    ChampIgnoD.    May,  Oct. 

314.  M.  ftisco-pnrpnreaa.    Fr,    Purple  brown  Maras.    Woods.  June,  Jaly. 

815.  M.  Wynnei.    B.  A  Br,    Wynne's  Maras.    Leaves.    June,  Jaly. 

816.  M.  erythrophns.    Fr.    FalUd  Maras.    On  ground  and  wood.    July. 

817.  M.  terginos.    Fr,    Clustered  Maras.    In  woods  on  wood.    June. 

818.  M.  alllaceus.    Fr.    Onion-scented  Maras.    Wood.    July,  Aug. 

819.  M.  rotula.    Fr.    Collared  Maras.    Ground.    June,  Oct. 

320.  M.  androsaceus.    Fr,    Black  stemed  Maras.    Juncj  Sept. 

321.  M.  insitltlus.    Fr,    Horny  stemed  Maras.    Aug.,  Oct. 

322.  M.  epiphyllus.    Fr.    Leaf  Maras.    Woods.    June,  Oct. 

328.    M.  saccharinus.  Fr.    Granular  Maras.  Epiphytal.  Woods.  June,  July. 

824.  M.  spodoleucus.    B.  &  Br,    Stemless  Maras.    Epiphytal.     Woods. 
June,  Sept. 

825.  M.  velutlpejp.    B,  A  G,    Woolly  Maras.    Woods.    Jaly. 
326.    M.  plancus.    Fr,    Hairy  Maras.    Woods.    June,  Oct. 

827.  M.  subvenosus.    Peck,    Leaves  in  woods.    Aug.,  Oct. 

828.  M.  campanulatus.    Feck,    Leaves  in  woods.    Aug. 

829.  M.  cttspitosus.    Peck,    Decaying  branches,  woods.    June. 

880.  M.  longipes.    Feck,    Among  fallen  leaves,  woods.    Aug.,  Oct. 

881.  M.  glabellas.    Feck,    Amongst  leaves,  woods.    July,  Sept. 

882.  M.  anomalus.    Peck,    Sticks,  leaves  in  woods.    July. 

GxN.  Lentlnus.    Fr,    Generally  on  wood. 

^^.  L.  tigrinus.    Fr^    Tiger-spot  Len.    June,  Oct. 

884.  L.  Dnnalii.    Ft,    Dunal's  Len.    June,  Sept. 

885.  L.  lepidius.    Fr.    Scaly  Len.    June,  July. 

886.  L.  cochleatus.    Fr.    Shell  Len.    June,  July. 

887.  L.  vulpinus.    Fr,    Strong-scented  Len.    May,  Aag. 

Gbn.  Panus.    jPV,    Epiphytal.    Stumps. 

838.  P.  torulosus.    Fr,    Twisted  Pan.    Sept. 

889.  P.  conchatus.    Fr,    Shell  Pan.    May,  Oct. 

840.  P.  sallcinus.    Peck,    On  Salix  discolor.    Michz.    Sept.,  Oct. 

341.  P.  strigosus.  B.  &  C.    Aug. 

Gbn.  Trogia.    Ft. 

842.    T.  crispa.    jPV.    Crisped  Trogia.    On  dead  branches.    Sept 

Gkn.  Schizophyllum.    Fr, 

848.    8.  commune.    Fr,    Common  Schiz.    On  dead  wood.    The  season. 
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Obn.  T^enzttes.    Fr. 

844.  L.  betuUna.    Fr.    Birch  Lenzltes.    Stamps.    Perennial. 

845  L.  floccida.    Fr,    Flaccid  Lenzite*.    Stumps.    Sept.,  Oct. 

Ordkr  II.    Polyporel. 

6sN.  Boletas.    Fr,    Terrestrial. 

846.  B.  elegans.    8chum,    Elegant  Boletas.    Woods.    Jane,  Oct. 

847.  B.  flaras.     With,    Bright-yellow  Bolet.    Woods.'  July. 

848.  B.  badias.    Fr,    Bay  Boletas.     Woods.    Wright  ccyinty.    Aagast. 

849.  B.  strinpes.    Sec    Striate  Bolet.    Aag. 

8(M).  B.  chrysenteron.    Fr,    Red-cracked  Bolet.    Sept. 

851.  B.  subtomentosos.    X./  Yellow-cracked  Bolet.    Woods.    Aug. 

853.  B.  pachypas.    Fr.    Thick-stemmed  Bolet.    Aug.,  Sept. 
858.  B.  edolis.    Bull    Edible  Bolet.    Woods.    Aag. 

854.  B.  iBstiyalis.    Fr.    Early  Bolet.    Woods.    Sscalent. 

855.  B.  parpareas.    Fr.    Purple  Bolet.    Woods.    Aug. 

856.  B.  scaber.    Fr.    Shaggy  Bolet.    Woods.    Aug.    Escalent. 

857.  B.  alutarias.  .  Fr,    Tan- colored  Bolet.    Woods.    Aug. 

858.  B  felleas.    Bull.    Bitter  Bolet.    Woods.    Sept. 

859.  B.  cyanescens.    Bull.    Sibthorp's  Bolet.    Woods.    Aug. 

Gbn.  Polyporas.    Fr. 

860.  P.  leptocephalas.    Fr.    White-pored  Poly.    On  wood.   Jane,  July. 

861.  P.  perennis.    Fr,    Perennial  Poly.    Ground,  stamps.    Aug.,  Oct. 
M2.  P.  Hostkovii.    Fr.    Bostkovios'  Poly.    Rotton  wood.    June,  Sept. 
868.  P.  elegans.    Fr.    Elegant  Poly.   Trunks,  branches,  woods.    July. 

864.  P.  querclnus*    Fr.    Oak  Poly.    Old  oaks .    June. 

865.  P.  sulftireus.    Fr.  .  Sulphury  Poly.    Logs,  stamps.    Jone,  Sept. 

866.  P.  alligatus.    Fr.    Connected  Poly.    Base  of  stumps.   Jane,  Sept. 

867.  P.  heteroclitus.   Fr.    Orand  Poly.    Ground     Wright  couaty.    Aug. 

868.  P.  salignus.    Fr.    Willow  Poly.    On  Willows.    July,  Nov. 
369;  P.  chloneus.    Fr.    Soft  white  Poly.    Roots  of  stamps.    Aug. 

870.  P.  cassius.    Fr.    Blue-gray  Poly,    On  pine  logs.    July,  Oct. 

871.  P.  destructus.    Fr.    Destructive  Poly.    Larch,  ground.    July,  Sept. 
•872.  P.  rutilans.    Fr.    keddis<h  Poly.    Branches,  woods.    June. 

878.  P.  adustas.    Fr.    Scorched  Poly.    Stamps. 

874.  P.  hlspldus.    Fr,    Hispid  Poly.    Living  oaks.    Perennial. 

S75.  P.  spumeus.    Fr.    Oozing  Poly.    Trunks,  branches.    July. 

876.  P.  nigricans.    Fr,    Black-hoof  Poly.    Living  birch.    Perennial. 

877.  P.  annosus.    JV.    Imbricated  Poly.    Larch  stumps.    Perennial. 
378.  P.  connatus.    Fr,    Connate  Poly.    Crab  trunks.    Miss  R.  A.  Johnson. 

879.  P.  hirsutus.    Fr.    Bristly  Poly.    Dead  trunks.    Woods.    July. 

880.  P.  versicolor.    Fr.    Common  Zoned  Poly.    Stamps,  &c.    Persistent. 
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881.  P.  abletinus.    Fr.    Whlttah  Plr  Poly.    Larch.    Jnly. 

882.  P.  cootlgans.    Fr,    CoDtlgnons  Poly.  Decayed  wood,  &c.  June,  Sep. 
888.    P.  ferraginosQS.    Fr,    Rusty  Poly.    Posts,  &c.    June,  Sept. 

884.  P.  Annenlacos.    Berk,    Boff  Fir  Poly.    June.' 

885.  P.  incamatus.    Fr,    Flesh-Colored  Poly.    Larch.    July,  Aug. 

886.  P.  yiolaceus.    Fr,    Violet  Poly.    Poplar  Larch.    July,  Aug. 

887.  P.  medulla-panis.    Fr,    Crumb  of  Bread  Poly.    Wood.    June,  Sept. 

888.  P.  obducens.    Fr,    Incrusting  Poly.    Botteu  wood.    PerenniaU 

889.  P.  vulgaris.    Fr,    Common-eflUsed  Poly.    Dead  wood. 

890.  P.  vaporarius.    Fr,    Creeping  Poly.    Fallen  branches. 

891.  P.  glomeratus.    Pwh,    On  Acer  saccharlnum.     Wang,    Aug. 

893.  P.  Qordoniensis.   B,dtBr.    (Gordon's  Fir  Poly.    Decaying  wood.  Sep. 

G«N.  Trametes.    Fr, 

898.    T.  pinl.    Fr.    Fir  trunk  Trametes.    Pine  trunks.    Perennial. 

894.  T.  odora.    Fr,    Small  pored  Trametes.    Willows. 

Qen.  DsBdaiea.    Fr, 

895.  D.  nnicolor.    Fr,    One-coloured  Dsdalea.    Stumps.    Trunks. 

896.  D.  latlssima.    J^V*.    EflUsed  Dsdalea.    On  fUlen  dead  branches. 

GxN.  Memlius.    Fr, 

897.  M.  tremellosus.    Schrad,    Tremeilose  Memlius.    Sept. 

898.  M.  corium.    Fr.    Leathery  Merullus.    Dead  trunks. 

899.  M.  mallnscns.    Fr,    Thin  Memlius.    Dead  wood. 

400.  M.  mfhs.    P..  Rufous  Memlius.    Dead  oak  branches. 

401.  M.  serpens.    Fr.    Creeping  Memlius.    Dead  wood.    June,  Sept. 

Oen.  Porothelium.    Fr, 

402.  P.    Friesli.    Mont,    Fries'  Porothelium.     Pine  wood. 

Ordbr  III.    Hydnei. 
Okn.  Hydnum.    Linn, 

408.  H.  repandum.    L,    Spreading  Hyd.    Ground.    Aug.,  Sept. 

404.  H.  zonatum.    BaUch,    Zoned  Hyd.    Ground.    Woods.    Sept. 

405.  H.  tomentosum.    L,    Tomentose  Hyd.    Ground.    Woods.    July. 

406.  U.  erinaceus.    Hull.    Hedgehog  Hyd.    Living  Oak.    Sept.,  Oct. 

407.  H.  niveum.    P.    Snowy  Hyd.    Dead  wood.    Leaves.    Sept. 

408.  H.  fiirlnaceum.    P.    Mealy  Hyd.    Decaying  wood.    July,  Sept. 

ObdsrIY.    Auricnlarlni.    Fr. 
Gbn.  Cratorellus.     Fr, 

409.  C.  comucopioldes.    Fr,    Horn-like  Cratellus.    Grouod. 
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Oek.  Thelephora.    Fr. 

410.  T.  offisia.    P.    Ash-gray  Thelephora.    Incrnstlng  grass. 

411.  T.  arida.    Fr,    Dry  Thelephora.    Deoaying  pine. 

Gkn.  Stereum.    Fr. 

412.  S.  purpnrenm.    Fr.    Purple  Stereum.    Trunks.    Pereunlal. 
418.    S.  hirsutum.    Fr.    Hairy  Stereum.    Stumps.    Peren. 

414.    8.  acerinum.    Fr.    Maple  Stereum.    Living  maple  trunks. 

Gbn.  Hymenochiete.    Lev. 
416.    H.  rubiglnosa.    Lev.    Rubiginous  Hymenochiete. 
Ordi^  V.    Clavarlci. 
Gbn.  ClaTaria.    L, 

416.  C.  amethystina.    Bull.    Amethyst  Qavaria.    Sept. 

417.  C.  fastlglata.    D.  C.    Fastiglate  Clavaria.    Woods.    Aug, Oct. 

418.  C.  coralloides.    L.    White  Coral  Clavaria.    Woods.    Aug.,  Sept. 

419.  C.  umbrioa.    Berk.    Umber  Clavaria.    Woods.    Aug.,  Sept. 

420.  C.  cinerea     Bull.    Cinereous  Clav.    Woods.    Sept. 

421.  C.  cristata.    Bolmsk.    Crested  Clav.    Woods.    Sept. 

422.  C.  rugosa.    Bull.    Wrinkled  Clay.    Woods.    Sept. 
428.  C.  Kunzei.    Fr.    Knnze's  Clav.    Woods.    Sept. 

424.  C.  aurea.    8chc^    Golden  Clav.    Open  woods.    Sept. 

426.  C.  formosa.    P&ra.    BeaatlAil  Clav.    Aug.,  Oct. 

426.  C.  crocea.    P.    Saflh>n-yellow  Clav.    Decaying  wood.    May. 

427.  C.  purpurea.    Mull.    Purple  Clav.     Woods.    Sept. 

428.  C.  InsBqualis.    Mull.    Unequal  Clav.    Woods.    Sept. 

429.  C.  vermiculata.    Scop.    White-tufted  Clav.    Aug.,  Sept. 

430.  C.  Aragills.    Holmsk.    Brittle  Clav.    Woods.    Sept. 

481.  C.  contorts.    Fr.    Contorted  Clav.    Branches.    Aug. 

Gen.  Calocera.    Fr. 

482.  C.  glassoides.    Fr.    Soft  Calocera.    Decayed  stumps.    Sept. 

Order  YI.    Tremellini. 

Gun.  Tremella.    Fr. 

438.  T.  fimbriata.    Pers.    Fringed  Tremella.    Dead  branches.    June. 

484.  T.  fh>ndosa.    Fr.    Large  Pale  Tremella.    Ground.    Aug.,  Oct. 

486.  T.  foliacea.    P.    Foliaceous  Tremella.    Stumps.    Aug. 

486.  T.  Intescens.   Fr.    Yellowish  Tremella.    Old  stumps.    Aug.,  Sept. 

487.  T.  mesenterica.    Betz.    Orange  Tremella.    Sticks.    Aug.,  Oct. 
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488.  T.  yesicarla.    Bull.    Bladdery  Tremella.    Qronnd.    Aug.,  Sept. 

489.  T.  albida.    Hud.    Whitish  Tremella.    Lo^s.    Jane,  Aug. 

440.  T.  intumescens.    Sow.    Contorted  Tremella.    Wood.    Jaly,  Sept. 

441.  T.  indecorata.    8omm.    Dingy  Tremella.    Dead  willows.    Aug. 

442.  T.  tnbercularla.    Berk.    Horny  Tremella.    Branches.    Sept.,  Oct. 
448.  T.  torta.     Willd.    Twisted  Tremella.    Oak.    July,  Sept. 

444.  T.  epigsa.    B.  &  Br.    Ground  Tremella.    Ground.    Sept. 

Gkn.  Exidia.    F^. 

445.  E.  glandulosa.    Fh:    Witches'-Butter  Exidia.    Oak  branches.    Aug. 

Grn.  Himeola.    Fr. 

446.  H.  Anricula-Judae.    Berk.    Jew's-ear  Hirneola.    Wood. 

Gbk.  Dacrymyces.    Nees. 

447.  D.  stillatus.    I^ees.    Orange  Dacrymyces.    Pine  logs. 

G«N.  Apyrenium.    Fr. 

448.  •  A.  lignatile.    Pr,    Wood  loviog  Apyrenium,    Decayed  wood. 

HYPOG-aSI. 
Family  n     Gasteromycetts. 

Obdbr  Vn.    Hypogei. 
Gbn.  Hymenogaster.     Tul. 

449.  H.  muticQs.    B.  db  Br,    Cracking  Hymenogaster.    Sept. 

460.  H.  luteus.     VUt.    Yellow  Hymenogaster.    ^oods.    July,  Sept. 

461.  H.  decorus.     Tul.    Comely  Hymenojg;aster.    Woods.    Aug.  Sept. 

PHALLOIDBI. 

Obdrr  YIII.    Phalloidei. 

GsN.    Phallus.    Linn. 

462.  P.  impndicus.    Linn.    Common  Stink-horn.    Sept.,  Oct. 

TRICHOGASTBES. 
Order  IX.    Trichogastres. 
Gbn.  Tulostoma.    Pers. 
468.    T.  mammosum.    Fr.    Nippled  Tulostoma.    Ground. 
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Qbn.  Geaster.    Mich, 

454.  O.  fornicatos.    Fr.    YaolUng  Geaster.    Ground.    Sept.,  Oct. 

4fi5.  G,  strlatns.    D.  C.    Striate  Geaster.    On  sand.  ' 

466.  G.  Bryantii.    Berk.    Bryant's  Geaster.    Sandy  soiL 

457.  G.  hygrometricus.  P.    Hard-coated  Geaster.    Ground.    Woods.    Oct. 

458.  G.  lageniformis.     ViU.    Flask-like  Geaster.    Woods.    Oct. 

I  Gen.  Bovista.    Dill 

459.  B.  nigrescens.    P.    Blackish  Bovista.    Prairies.    May. 

460.  B.  plumbea.    P.    Lead-colored  Bovista.    Prairies.    Common. 

461.  B.  ammophUa.    Lev.    Rooting  Bovista.    Woods.    Sept. 

Gem.  Lycoperdon.     ToUrn. 

462.  L.  giganteum.    Batsch,    Giant  Paff-ball.    Pastures.    Oct. 
468.    L.  csBlatum.    Fr.    Collapsing  Puff-ball.    Prairies.    Aug.,  Sept. 

464.  L.  atropurpureum.     VtU.    Purple-spored  Puff-balL    Aug. 

465.  L.  pusillum.    Fr,    Little  Puff-ball.    Prairies.    June,  Sept. 

466.  L.  saccatum.     Vahl.    Elongated  Puff-ball.    Thickets.    July. 

467.  L.  gemmatum.    Fr,  .Warted  Puff-ball.    Meadows.    Prairies.     Aug. 

468.  L.  pyrlfonne.    8ch(xff.    Pear-shaped  Puff  Ball.    Stumps.    Sept. 

Gen.  Scleroderma.    P. 

469.  S.  valgare.    Fr.    Common  Scleroderma.    Borders  of  woods.   Aug. 

470.  S.  bovista.    Fr,    Thin-coated  Scleroderma.     Aug.,  Sept. 

471.  S.  verrucosum.    Pera.    Warty  Scleroderma.    Prairies.    Aug. 

Gen.  Polysaccum.    D.  O. 

472.  P.  olivaceum.    Fr.    Olive  Polysaccum.    Ground,  woods.    Aug. 

Order  X.    Myxogastres. 
Gen.  Lycogala.    Mkh. 
478.    L.  epidendrum.    Fr,    Stump  Lycogala.    July,  Oct. 

Gen.  Retlcularia.    Bull 

474.  R.  maxima.    Fr.    Large  Relicularia.    Trunks,  fallen  trees. 

475.  B.  atra.    Fr.    Black  Retlcularia.    Pine  logs.    Aug. 

476.  R.  umbrina.    Fr.    Umber  Retlcnlai  la.    Stumps.    July. 


Gen.  ^thalium.    Link. 
477.    A.  septicum.    Fr.    iBthalium.    Woods.    Decaying  wood 
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6bn.  Spnmarta.    Fr, 

478.  8.  alba.    2>.  C    White  Spumaria.    Living  grass.    June. 

Gbx.  Ptychogaster.    Ca, 

479.  P.  albas.     Corda,    White  Ptychogaster.    On  groond.    July. 

Obk.  Diderma.    P. 

480.  D.  fkrinaceam.    Peck.    Invests  fern  stems  in  low  woods. 

481.  D.  Marlae-Wilsoni.    Clinton,    Sticks,  woods.    Aag. 

482.  D.  globosnm.    Fr.    Globose  Diderma.    Dead  leaves.    Sept. 

Gbn.  Didyminm.    Schrad. 

483.  D.  melanopns.    Fr.    Black-stemmed  Didymium.    Sticks.    Aug. 

484.  D.  connatum.    Feck.    Decaying  Bussula.    Sept. 

485.  D.  fbrftiracenm.    Fr.    Scurfy  Did.    Rotten  wood.    July,  Aug. 

486.  D.  squamnlosum.    A.  A  G.    Scaly  Did.    Dead  leaves,  &c.    Aug. 

487.  D.  fkrlnaceum.    Fr.    Mealy  Did.    Dead  leaves.     Aug. 

488.  D.  pertnsum.    Berk.    Pierced  Did.    Stumps.    Oct. 

Gbn.  Pbysarum.    P. 

489.  P.  pulcherrlpes.    Peck.    Botten  wood.    July. 

490.  P.  caspitosnm.    Peck.    Rotten  wood.    Aug. 

491.  P.  atrum«    Fr.    Black  Physarum.    Dead  Branches.    Aug. , 

GxN.  Angioridium.    Orev. 

492.  A.  sinuosum.    Orev.    Twisted  Angioridium.    Sept. 

Gbk.  Craterium.     Trent. 
498.    C.  mntabile.    Fr.    Changeable  Craterium.    Bark.    July. 
Gkn.  Diacbsa.    Fr. 

494.  D.  elegans.    Fr.    Elegant  Diach»a.    Dead  leaves.    Aug. 

Gbn.  Stemonitis.    Oled. 

495.  S.  itisca.    Bath.    Brown  Stemonitis.    Dead  wood.    June. 

496.  S.  farruglnea.    Bhfb.    Rusty  Stemonitis.    Dead  wood.    July. 

497.  S.  ovata.    P.    Ovate  Stemonitis.    Rotten  wood.    June. 

498.  S.  obtnsata.    Fr.    Obtuse  Stemonitis.    Botten  wood.  Jone. 
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Gen.  Arcyria.    HUl. 

499.  A.  oatans.    Fr.    Nodding  Arcyria.    Rotten  wood.    JanCr 

Ordsr  XI.    Nldnlariacei.     TuU 
Gen.  Polyanglnm.    Link, 

500.  P.  vitellinum     Ditm.    Egg-yellow  Polyanglnm.    Stnmps* 

Family  III.    Conlomycetes. 

Order  XII.    Sphaeronemel. 

Gen  Pboma.    Fr. 

501.  P.  ampellnnm.    B.  A  C.    Dead  grape  vines.    Woods.    Jaly» 

502.  P.  exlguom.    Deam.    Little  Phoma.    Elder  shoots.    Aug. 
508.    P.  glandlcola.    Lev.    Acorn  Phoma.    Acorns.    Sept. 

Gen.  Dlscella.    B.  A  Br. 

504.  D.  carbonacea.    B.  A  Br.    Black  Dlscella.    Dead  twigs. 

Order  XV.    Pacciniffii. 
Gen.  Phragmldlnm.    Link. 

505.  P.  mncronatum.    Link.    Rose  Brand.    Living  Rose  leaves.     Aat» 

506 .  P.  gracile.     Greve.    Raspberry  Brand.  Rasp,  leaves.    Ant. 

507.  P.  obtnsum.    Link.    Strawberry  Brand. 

508.  P.  graminls.    Pers.    Corn  mildew.    Leaves  of  corn.    Ant. 

509.  P.  strlola.    Link*    Sedge  Mildew.    Rushes.    Autumn. 

510.  P.  coronata.     Corda.    Coronated  Mildew.    Grasses. 

511.  P.  vaginalium.    Link.    Knot-grass  Brand     Aut. 

512.  P.  primulas.    Grev.    Primrose  JBrand.    Primroses.    June. 
518.  P.  variabilis.     Orev.    Variable  Brand.    Taraxacum.    July. 

Gen.  Gymnosporanglum.    D.  C. 

514.  G.  Janiperi.    Lk.    Living  branches. 

Order  XVI.    CsBomacei. 
Gem.  TUletia.     TuU 

515.  T.  carles.    7\U.    Bunt.    On  wheat  fllllng  the  grains.    Ant. 
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Gbk.  Ustilago.    Link, 

316.  U.  carbo.    TuL    Corn  smut.    Autamn. 

4S17.  IJ.  antheraram.    Fr.    Anther  Smut.    Lychens,  &c. 

IS18.  U.  violae.    B.  db  Br,    Violet  Smut.    Violet  leaves.    August. 

J5I9.  U.  occulta.    Prews.    Rye  smut.    On  culms  of  rye. 

Gkn.  Uredo.    Lev. 

IS20.    U.  Quercus.    Brand.    Oak-leaf  Uredo.    Sept. 
321.    IJ.  blfrODS.    Qrer>.    Twin-fiiced  Uredo.    On  Mumex,    Aug.,  Sept. 

Order  XVII.    ^cidlacei. 

Gbn.  ^cldlum.    Per9. 

522.    A.  euphorbifls.    Pers,    Spurge  Oluster-Gups.    May,  June. 
328.    A.  urtic».    2>.  C    Nettle  Cluster-Cups.  .  June. 

Family  IV.    Hyphomycetes. 

Ordbr  XVIII .    Isariacei . 

Gkn.  Isarla.    Fr. 

324.    I.  arachnophila.    DUm.    Spider  Isarla.    Dead  spiders. 

62l|.    I.  citrina*    P.    Lemon-colored  Isarla.    Decaying  Aingi.    Aug. 

326.    I.  intricata.  •  Fr>    Intricate  Isarla.    Decaying  ftmgi.    Sept. 

Ordbr  XIX.    Stilbacei. 

Gen.    Tubercularia.    Tode. 
627.    T.  granulata.    P.    Granulate  Tubercularia.    Dead  branches. 

Division  II.    Sporldilfera. 

Family  VI.    Physomycetes. 

Order  XXIV.    Mucorini. 

Gbn.  Ascophora.    Tode. 
bfi^.    A.  elegans.    Corda.    Elegant  Ascophora.    Fowls'  dung. 

Gbn.    Mucor.    Mich. 

529.    M.  ramosus.    BulU    Branched  Mucor.    Decaying  ftingi.    Aug. 
580.    M.  Mucedo.    L,    Common  Mucor.    Decaying  flrults. 
381.    M.  canlnns.    P.    Dog's  dung  Mucor.    Dung  of  dogs. 
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Family  YII.    Ascomycetes. 

Order  XXVIIL    ElTellaceL 
Gbn.  Morchella.    DUl, 
582.    M.  escalenta.    Per8,    Common  Morel.    Woods.    May,  Jane. 

Gbn.  Helvella.    Linn, 

588.    H.  gigas.    Kromb,    Large  Helvella.    Ground,  woods.    Spring. 

584.  H.  crispa.    Fr.    Pallid  Helvella.     Ground,  woods.     Early  Summer. 

585.  H.  sulcata.   Afe,    Snlcate  Helvella.    Ground,  woods.    Oct. 

Gbn.  Verpa.    Swartz. 

586.  y.  digitaliformls.    Pers.    Finger-shaped  Verpa.     Wood. 

Gbn.  Spathularia.    P. 

587.  S.  flavida.    Pr$,    Yellow  Spathularia.    Woods.    July. 

Gbn.  Leotia.    BiU. 

588.  L.  lubrica.    P^<.    Slimy  Leotia.    Woods.    Sept. 

Gbn.  Geoglossum.    P. 

589.  G.  ylride.    P.    Green  Geoglossum.    Decayed  wood. 
540.    G.  glutinosum.    P.    Glutinous  Geoglossum.    Woods. 

Gbn.  Peziza.    Linn> 

541-.  P.  macropus.     Pers*    Long-stemmed  Peziza.    Ground.    July. 

542.  P.  badia.    P.    Large  Brown  Peziza.    Pond  margin.    July. 

548.  p.  aurantia.    Fr.    Orange  Ground  Peziza.    June. 

544.  P.  Intea-nitens.    B*  d  Br.    Bright  Yellow  Peziza.    Ground*. 

545.  P.  flbrillosa.     Curr,    Woolly  Orange  Peziza.    Oct. 

546.  P.  repanda.     Wahl,    Spreading  Peziza.    Gound.    June. 

547.  P.  tracbycarpa.     Curr.    Bouiifh-spored  Peziza.    Woods. 

548.  P.  leiocarpa.     Curr.    Smooth-spored  Peziza.    Ground. 

549.  P.  cupularis.    L>    Scolloped  Peziza.    June. 

550.  p.  snbhirsnta.    Schum.    Hirsute  Peziza.    Ground. 

551.  P.  humosa.    Fr.    Ground  Peziza.    Woods. 

552.  P.  scutellata.    L-    Shield-like  Peziza.    Woods.    May,  Sept* 
558.  P.  nnicisa.    Peck.    Ground  in  woods.    Sept.,  Oct. 

554.  P.  echinosperma.    Peck.    Ground  in  woods.    June. 

555.  P.  rubra.    Peck.    Burnt  ground.    June. 

656.    p.  tlliae.    Peck.    Dead  branches.    Ttlia  Americana.    July. 
557.    P.  coccinea.    Jacq.    Carmine  Peziza.    Wood.    Nov. 
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Ordbr  XXXI .    Sphflsriacel . 
Gbn.  Valsa.    Fr. 
56S.    y.  pulchella.    Fr.    BeantiM  Valsella.     Cherry  and  birch. 

With  three  or  four  exceptions,  the  plants  constituting  the  fore- 
going list  of  Fungi,  have  been  found  by  the  writer. 
Respectfully  contributed, 

A.  E.  Johnson. 
Minneapolis,  January  1st,  1877. 
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ORNITHOLOGY. 


REPORT  OF  DR,    P.    L.    HATCH. 


Prof.N.H.  Winchell: 

In  accepting  the  position  of  Ornithologist  on  the  Qeological  and 
Natural  History  Surrey  of  the  state  to  which  I  have  been  appointed 
by  the  Board  of  Regents,  I  desire  to  express  to  you  and  the  Board 
my  appreciation  of  the  honor  thus  conferred  upon  me. 

When  first  proposed  to  me  to  undertake  this  work,  its  objects 
w6re  so  accordant  with  my  inclinations  that  I  had  only  to  har- 
monize its  requirements  with  the  exacting  duties  of  my  profession, 
to  enter  enthusiastically  upon  it.  This  our  mutual  arrangements 
haye  enabled  me  to  do  more  satisfactorily  than  I  had  hoped.  I 
therefore  permit  myself  to  expect  to  have  something  to  report  to 
you  at  the  end  of  another  year  appropriate  to  an  embodiment  in 
the  permanent  records  of  your  comprehensive  work. 

To  do  this  I  must  be  permitted  to  rely  upon  the  co-operation  of 
not  only  yourself  and  the  other  members  of  your  staff,  but  of  the 
Board,  and  all  collectors  temporarily  or  permanently  associated 
with  the  survey. 

I  have  had  sufficient  experience  in  the  work  before  me  to  realize 
the  necessity  of  aid  from  reliable  sources,  and  this  department  of 
your  survey  has  been  so  long  delayed  that  it  must  be  rigorously 
prosecuted  if  it  shall  keep  its  place  alongside  of  the  others  in  the 
years  to  come.  I  do  not  commence  it,  however,  entirely  de  not>Oy 
having  had  some  nineteen  years  observations  in  which  I  have 
accumulated  some  notes  on  birds  in  my  vicinity,  with  occasional 
explorations  into  other  sections  as  fully  represented  by  them.  The 
rapid  settlement  of  the  state  has  changed  the  relative  representa- 
tion of  this  class  of  its  fauna  very  materially,  and  the  increasing 
extent  of  the  cultivation  of  the  soil  for  varied  productions  is  at 
present  not  only  changing  the  aggregate  numbers  of  birds  that 
come  here  to  breed,  and  those  that  permanently  reside  here,  but 
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the  relative  proportions  of  species,  which  shows  the  importance 
of  early  attention  to  this  department  of  the  zoology  of  the  state. 

The  earliest  information  on  this  subject  that  I  have  befen  able  to 
get  has  been  obtained  through  interviews  with  persons  connected 
with  the  army  or  trappers  and  traders,  stationed  at  the  several 
military  posts  at  a  very  early  day.  Of  course  this  has  been  meagre, 
and  unsatisfactory  because,  to  a  large  extent,  it  has  been  unreliable. 
After  sifting  it  as  carefully  as  possible  I  fiAd  about  fifty  to  sixty 
species  that  are  known  to  be  territorial  and  aboriginal. 

The  first  approximation  towards  a  listing  of  species  was  made 
by  Henry  Patton  in  connection  with  Owen's  geological  survey  of 
Wisconsin,  Iowa  and  Minnesota,  in  1848-9.  As  he  did  not  record 
the  locality,  or  any  of  the  circumstances  of  his  observations,  his 
lisj;  I  regret  to  say  is  but  little  'more  valuable  than  the  foregoing, 
as  it  is  impossible  to  ascertain  what  portion  of  the  ninety -five 
species  he  gives  were  obtained  within  our  own  special- province. 
It  is  not  a  little  Remarkable  that  in  the  several  explorations  by  the 
national  government  preliminary  to  the  location  of  our  great 
transcontinental  railroad,  made  upwards  of  twenty  years  ago, 
while  ample  provisions  were  made  for  collecting  the  birds  along 
the  various  lines  of  exploration  in  every  other  instance,  that  from 
St.  Paul  to  the  Rocky  Mountains  had  none.  From  thence  to  the 
Pacific  the  collections  were  as  abundant  and  the  reports  as  full  as 
on  any  other  route  embraced  in  these  extensive  explorations. 
But  in  subsequent  railroad  surveys — ^in  1870,1  think, — along  the 
line  of  the  Northern  Pacific,  Mr.  Tripp  reported  a  list  of  138  species 
observed,  which  only  recently  came  to  my  notice  in  the  Proceed- 
ings of  the  Essex  Institute  of  Massachusetts.  Excepting  the  few 
mentioned,  my  own  notes  of  observation,  published  by  the  Min.- 
nesota  Academy  of  Natural  Sciences  in  1874,  had  antedated  them 
so  far  as  this  section  was  involved. 

There  have  been  occasional  observations  noted  by  persons  visit- 
ing or  passing  through  the  state,  which  have  been  preserved,  that 
are  reliable. 

During  the  last  year — 1876 — ^several  species  hitherto  unknown 
here  have  been  identified,  making  at  the  present  time  a  list  of 
about  two  hundred  and  seventy -five  species,  embracing  one  hun- 
dred and  sixty-one  genera,  in  thirty -eight  families  under  six  orders. 

This  comprises  nearly  the  entire  history  of  the  ornithology  of 
Minnesota,  up  to  the  present  time,  so  far  as  my  knowledge  extends. 
Very  respectfully  yours, 

P.  L.  Hatch. 

Minneapolis,  Jan.  10,  1877.  ^^,^^^  ,,GoOgle 
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ENTOMOLOGY. 


REPORT  OF   ALLEN  WHITMAN. 


Saint  Paul,  Minnesota,         ) 
December  23d,  1876.  J 

Prof.  N.  H.  Winchell,  State  Geologist: 

Sir: — I  have  the. honor  to  present  the  following  report  upon  the 
Rocky  Mountain  Locust,*  as  it  has  appeared  in  and  near  Minneso- 
ta during  the  year  1876.  At  the  time  of  my  appointment  (in 
May)  to  make  this  report,  through  the  State  Geological  Survey, 
there  was  a  hope,  and  apparently  a  reasonable  one,  that  the  com- 
ing summer  would  close  our  present  opportunities  for  observing 
the  destructive  species  of  locust,  at  least  as  far  as  our  state  was 
concerned.  The  insects  were  found  to  be  hatching  in  a  region 
covering  the  whole  or  parts  of  five  or  six  of  our  southwestern 
counties,  in  a  strip  of  country  reaching  from  Madelia  westward 


*  The  name  '<  Rocky  Mountain  Locast"  is  expressed  or  implied  throagh- 
ont  this  report.  I  suppose  that  every  one  knows  that  it  is  the  CalopUnua 
Spretu9,  or  the  **  grasshopper,"  that  is  referred  to.  Although  the  name 
**  hopper"  holds  its  place  In  popular  usage,  by  force  of  its  brevity  and  eu- 
phony, the  use  of  the  word  locust  can  occasion  no  ambiguity,  at  least  in 
Minnesota.  In  regard  to  the  latter  name,  an  old  etymology  is  stiU  often 
repeated,  which  has  done  duty  long  enough.  The  word  locuH  (Latin,  locns- 
ta,)  is  not  derived  from  the  Latin  locu9'U8tu8^  a  burnt  placet  and  that  for 
half  a  dozen  reasons.  The  root  of  the  word  {loc)  is  probably  found  in  the 
Greek  root  lak  (in  lasko,  e^lak-auy)  and  in  the  Latin  logn'or^  referring  in 
this  case  to  the  chirping  or  shrilling  sound  of  some  insect  called  toctt«ta. 
Its  form  is  confirmed  by  such  Latin  words  as  robuttus,  venuitus,  Ac  See 
Fick,  VergltichendeB  WoerUrbueh  der  Indogermanitchen  Sprachen,     Part  IV, 

-Rooms.)  n        \ 
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across  the  state,  and  into  two  of  the  eastern  counties  of  Dakota. 
A  few  were  also  found  in  the  northern  part  of  the  state  in  Clay 
county,  and  in  a  few  scattered  spots  in  Dak6ta  along  the  Red 
river.   No  other  hatching-ground  nearer  than  Colorado  was  known, 
and  there  was  reason  to  believe  that  the  amount  of  damage  result- 
ing from  their  presence  here  would  be  comparatively  small,  and  a 
fair  probability  that  their  swarms  would  be  so  scattered  and  so 
diminished  during  the  summer,  that  the  injury  would,  for  the  pres» 
ent,  end  with  the  flying  season.     Under  these  circumstances,  it 
seemed  best  to  make  such  additions  and  corrections  to  the  Report 
of  the  Grasshopper  Commission  of  1876,  as  the  experience  of  the 
present  year  should  furnish.     But  as  the  season  has  advanced,  and 
events  have  multiplied  themselves,  the  subject  has  assumed,  both 
in  extent  and  urgency,  a  new  and  continued  importance.     Follow- 
ing close  upon  the  attack  of  1874,  we  have  a  new  locust  invasion, 
surpassing  all  former  ones  in  the  amount  of  territory  visited,  in 
the  magnitude  of  the  invading  swarms,  in  their  repeated  comings, 
and  in  the  length  of  their  combined  stay.     In  addition  to  the  losses  ' 
inflicted  upon  the  crops  during  the  last  four  summers,  amounting 
to  at  least  eight  millions  of  dollars,  we  find  the  evil  still  confront- 
ing us  as  in  1873,  and  while  we  have  gained  something  by  our  four 
years'  experience,  we  have  also  lost  something  by  the  dishearten- 
ment  which  four  successive  years  of  damage  necessarily  bring.    To 
meet  in  any  such  report  as  this  the  demands  of  a  subject  so  exten- 
sive and  important,  ^r  the  expectations  of  the  large  number  of 
people  who  are  so  deeply  interested  in  it  would  be  simply  an  im- 
possibility, but  I  should  be  glad  if  anything  contained  in  it  could 
add  to  the  knowledge  necessary  for  intelligent  action,  or  to  the 
hopefulness  which  we  may  reasonably  entertain  in  regard  to  the 
locust  problem  in  the  long  run.     Such  as  it  is,  the  report  is  the 
result  of  several  visits  to  the  southwestern  counties  during  the 
spring  and  summer,  of  replies  to  circulars  sent  to  nearly  every  in- 
fested town  in  the  state,  and  of  a  large  amount  of  correspondence 
addressed  freely  to  various  points  in  Minnesota,  Dakota,  and  else- 
where.    To  compile  such  information  as  could  be  collected  from 
all  these,  and  from  hundreds  of  items  published  in  our  state  papers 
during  the  summer,  has  been  a  work  of  a  good  deal  of  time  and 
trouble.     The  practical  value  of  the  results  of  work  of  this  kind 
seldom  corresponds  to  the  amount  of  trouble  incurred,  but  this  is 
simply  the  fault  of  the  subject. 

GENERAL  VIEW  OP  LOCUST  INVASIONS. 

Taking  into  consideration  the  whole  cultivated  region  from 
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Manitoba  to  Texas  and  &om  the  Rocky  Mountains  to  the  Missis- 
sippi, there  have  been  in  the  series  of  thirteen  years  from  1864  to 
1876,  but  four,  (oi^at  most  five)  years  when  some  portion  of  this 
area  was  not  attacked  by  locusts,  coming  in  from  somewhere  out- 
side of  the  cultivated  area.  In  other  words  there  have  been  no 
less  than  nine  locust  invasions,  (differing  much  in  extent  and 
degrpe,  but  still  occurring,)  in  the  Mississippi  and  Red  River 
valleys  during  the  last  thirteen  years.  And  these  nine  attacks 
stand  against  some  sev^n  or  eight  recorded  appearances  of  destruc- 
tive locusts  in  the  same  territory  during  |the  46^  years  preceding, 
from  1818  to  1864.  Again  we  have  on  the  one  hand  ^  the  sudden 
appearance  of  the  immense  swarms  which  are  said  to  have  overrun 
a  vast  extent  of  territory  on  both  sides  of  the  Rocky  Mountains  in 
1865,  the  gradual  disappearance  of  their  progeny|in  the  course  of 
the  next  three  years,  apparently  without  furnishing  material  for 
subsequent  invasions,  and  their  continued  absence  for  the  next  six 
years.  On  the  other  hand  we  have,  since  1864,  a  series  of  attacks 
occurring  at  intervals  of  one,  two,  or  at  most  three  years,  and 
apparently  of  late  an  annual  vibration  between  the  country  lying 
along  the  mountains  and  the  lower  cultivated  regions,  each  in  its 
turn  becoming  a  breeding-ground.  The  causes  of  the  increase 
and  continuance  of  the  evil  of  late  years  lie  outside  the  range  of 
common  observation.  That  they  do  not  result  entirely  from  an 
increase  of  acreage  under  cultivation,  is  to  be  inferred  from  the 
locust  history  of  other  countries,  and  from  the  facts  that  while 
Central  America  has  suffered  from  the  same  evil  at  least  as  far 
back  as  1514  (Bancroft's  Native  Races  of  the  Pacific  Coast,  vol. 
v.,  page  601,)  and  Mexico  and  California  at  least  as  lately  as  1855, 
the  exemption  of  these  countries  since  the  latter  date  has  been  as 
noticeable  as  the  repeated  devastation  of  our  own  vicinity.  As 
for  any  analogy  to  be  derived  from  the  locust  history  of  European 
countries  the  books  are  not  at  hand  in  this  state  to  furnish  the 
exact  chronology  of  the  evil ;  but  from  such  a  source  as  I  have  at 
hand,  the  record  of  Germany  for  the  last  four  centuries  shows 
intervals  of  exemption  from  injury  for  eight,  twelve,  sixteen, 
forty  (1763—1803,)  or  even  fifty  (1636—1686)  years,  and  again  no 
less  than  fourteen  years  of  injury  between  1727  and  1756,  and 
among  these  series  of  three,  four,  or  even  five  successive  years  of 
damage,  as  in  the  five  years  from  1727  to  1731,  and  again  from 
1746  to  1750.* 


*  These  dates  are  taken  firom  a  work  entitled,  Die  Kleinen  Feinde  der 
Landwirthschaft,  by  Prof.  H.  Nordlinger,  Stattgard,  1S5C,  famished  by  the 
kindness  of  Qustav  Kyllaoder,  Esq.,  of  Severance,  Sibley  county.    For  a 
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The  locust  problem  still  presents  a  great  deal  upon  which  noth- 
ing like  complete  information  has  been  furnished.  Even  in  re- 
gard to  tlje  locust  as  it  appears  in  our  own  State,  not  only  does 
the  farmer  ask  many  questions,  to  which  the  entomologist  can  as 
yet  give  no  decisive  answer,  but  even  in  the  practical  economy  of 
the  locust  question  opinions  are  still  at  variance,  where  experience 
should,  by  this  time,  have  brought  some  degree  of  unanimity. 
When  it  comes  to  the  exact  origin  of  our  invading  swarms,  their 
manner  of  increase  from  year  to  year  before  leaving  their  native 
regions,  their  growth,  habits,  and  movements  in  those  regions, 
how  far  eastward  those  regions  may  or  do  extend,  the  causes  of  the 
repeated  appearance  of  migrating  swarms,  or  their  continued  ab- 
sence for  years  or  even  decades,  no  one  can  at  present  offer  in  an- 
swer much  more  than  a  mere  show  of  probabilities.  It  is  evident 
that  the  whole  question  is  becoming  too  urgent  to  wait  for  private 
investigation  to  solve  it.  The  claims  which  an  agricultural  popu- 
lation of  at  least  thirteen  States  and  Territories  may  justly  urge 
upon  the  National  Government  in  this  regard,  have  been  fully  set 
forth  during  the  past  season  ;  bui^  purely  in  the  interest  of  science, 
if  for  no  other  reason,  we  might  fairly  ask  that  some  portion  of 
the  sums  annually  devoted  to  national  discovery  might  be  expended 
upon  the  further  elucidation  of  a  subject  which  touches  us  so 
nearly  and  so  powerfully.  Having  at  hand  the  time,  the  place, 
and  the  opportunity,  we  might  at  least  attempt  the  solution  of  some 
questions  which  the  Old  World  has  been  obliged  to  leave  unan- 
swered for  a  thousand  years.  We  might,  perhaps,  learn  enough 
of  the  causes  of  locust  invasions  to  know  in  what  years  such  in- 
vasions would  become  probable,  and  enough  of  their  origin  to  say 
whether  prevention  is  possible  or  impossible. 

THE  EVIL  AS  IT  APPEARS  IN  MINNESOTA. 

The  growth  and  habits  of  the  young  locust  as  it  appears  in  the 
cultivated  regions,  have  been  so  fully  described  of  late  years, 
(particularly  in  the  seventh  and  eighth  annual  reports  of  the  State 
Entomologist  of  Missouri,  Prof.  Ch.  V.  Riley,)  that  it  seems  im- 

systematic  and  connected  view  of  the  locast  evil  in  general  see  a  paper 
contained  in  the  Report  (for  1876)  of  the  Hon.  Commissioner  of  Statistics 
of  Minnesota,  Dr.  J.  B.  Philiips.  Notice  is  particularly  called  to  a  chrono- 
logical table  published  therein.  It  will  be  seen  that  there  is  no  state  or 
territory  west  of  the  Mississippi  that  is  not  in  the  "  grasshopper  regions,*' 
and  no  year  since  1S68  that  has  not  been  a  locust  year.  The  year  1S71  should 
be  included  in  the  table,  for  reasons  stated  in  this  report. 
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possible  to  add  much  that  can  contribute  to  that  practical  end 
which  the  farmer  has  in  view,  the  protection  of  his  crops  from 
the  locusts  which  hatch  in  his  immediate  vicinity.  If  anything 
practical  is  still  to  be  expected  in  this  direction  it  ought  to  come 
from  those  who  are  brought  face  to  face  with  the  young  locust, 
and  are  obliged  to  act  upon  knowledge  gained  upon  the  spot. 
Enough  has  been  learned  already  to  make  it  certain  that  almost 
any  community  may,  by  enlisting  all  the  forces  at  its  disposal, 
effect  a  measurable  saving  of  its  crops,  and  that  the  evil,  if  it 
could  be  confined  to  the  locusts  that  hatch  here,  might  be  prac- 
tically eradicated  in  a  few  years  at  most.  But  there  is  a  growing 
apprehension  in  the  minds  of  the  people  of  Minnesota,  brought 
about  mostly  by  a  consideration  of  events  occurring  in  our  own 
state  only,  and  that  too  only  within  the  last  four  years,  that  we 
are  more  liable  to  locust  invasions  than  other  states;  that  the 
locust  evil  may  become  a  permanent  one  here  even  without  rein- 
forcements from  abroad,  and  that  its  area  may  gradually  extend 
until. it  covers  regions  still  unknown  to  it.  This  apprehension  is 
increased  by  the  fact  that  the  invasion  of  the  present  year  has 
reached,  (to  the  south  of  St.  Paul,)  about  one  degree  of  longitude 
farther  east  than  it  has  ever  been  known  to  extend  before.  It  is 
possible  that  Minnesota  may,  from  its  geographical  position, 
suffer  from  locust  invasions  more  frequently  in  the  long  run  of 
fifty  or  a  hundred  years  than  Kansas  or  Manitoba,  though  a 
history  of  the  last  twenty  years  shows  no  special  preponderance 
in  favor  of  either  state;  it  is  possible  that  its  cold  climate,  and 
the  high  and  dry  soil  of  its  southwestern  counties  may  furnish  a 
more  congenial  and  permanent  home  to  the  swarms  that  breed 
here,  though  the  events  of  the  last  four  years,  when  fairly  con- 
sidered, show  that  even  here  there  is  a  constant  decrease  in  the 
numbers  of  such  swarms  as  remain;  and  finally  the  history  of  the 
whole  Mississippi  Valley  shows  that  the  Rocky  Mountain  Locust 
is  confined  on  the  east  by  a  tolerably  well  defined  limit  which  up 
to  the  present  time,  neither  invading  swarms,  nor  their  progeny 
hav«  essentially  altered.  Upon  all  these  points  entomologists 
are  repeatedly  called  to  express  their  opinions,  which  have  been 
freely  and  in  most  cases  cautiously  given ;  and  these  opinions 
are  in  turn  repeatedly  called  into  question  by  those  who  persist  in 
mistaking  opinion  for  prophecy,  or  in  applying  a  general  rule  to 
a  limited  area,  or  to  a  particular  year.  But  it  is  evident  that  there 
is  still  room  for  the  study  of  the  physical  character  of  the  locust, 
and  of  the  geographical,  geological,  climatic  or  other  causes  by 
which  it  is  influenced. 
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HISTORY  OF  PAST  INVASIONS. 

Until  within  the  last  four  years  the  migratory  species  of  locusts 
has  been  so  infrequent  and  transient  a  visitor  in  Minnesota,  that 
the  details  of  its  former  visits  are  almost  forgotten.  There  is  no 
definite  knowledge  of  any  such  visit  down  to  the  year  1855,  unless 
the  ravages  committed  in  the  Red  River  Settlement  in  1818  and 
1819  may  be  said  to  concern  this  State.  But  the  statement  of 
Capt.  Jonathan  Carver  in  1766,  in  regard  to  the  large  swarms 
which  "infest  these  parts  and  the  interior  colonies"  shows  the 
occasional  presence  of  the  migratory  locust,  although  it  is  hard  to 
say  exactly  what  localities  are  referred  to.  But  late  in  July,  1856, 
invading  swarms  came  from  the  Northwest  into  the  Upper  Missis- 
sippi Valley,  and  gradually  spread  along  the  river  during  the  sea- 
son, much  the  same  as  they  have  done  in  the  past  summer,  and 
reaching  nearly  the  same  limits.  The  injury  was,  of  course,  felt 
most  severely  along  the  Mississippi  and  the  cultivated  region  adja- 
cent, but  the  locusts  are  said  to  have  appeared  along  the  Minne- 
sota River,  in  the  Yellow  Medicine  country,  and  at  various  points 
in  the  northwestern  counties  of  the  State.  It  is  probable  that 
the  northwestern  part  of  the  State  was  swept  over  by  migrating 
swarms  during  the  summer,  much  the  same  as  in  the  present  year. 
But  few  traces  of  these  were  seen  in  the  following  year,  except 
along  the  Upper  Mississippi,  where  the  damage  was  even  greater 
than  the  year  before.  A  general  flight  took  place  in  July,  and  the 
direction  of  the  departure  was  to  the  south  and  southwest  gen- 
erally, and  was,  perhaps,  the  occasion  of  the  injury  done  in  Iowa 
that  year. 

Again,  in  1864,  swarms  appeared  early  in  July,  along  the  Upper 
Minnesota  river,  and  spread  eastward  gradually  during  the  season, 
and  reached  about  as  far  east  as  in  1874,  i,  e.j  to  the  third  tier  of 
towns  in  Le  Sueur  county.  Scattering  swarms  also  visited  Mani- 
toba in  the  same  year,  and  probably  some  portions  of  these  reached 
Northwestern  Minnesota,  for  we  hear  of  slight  appearances  of  them 
in  the  Red  River  and  the  Sauk  Valleys  in  1864  and  1865.  But  the 
greater  portion  of  the  injury  was  done  in  the  Minnesota  Valley, 
and  was  followed  by  a  general  departure  to  the  southwest  in  1865. 
The  injury  in  Colorado  also  was  very  severe  in  the  same  years, 
but  there  seems  to  have  been  no  large  movement  to  the  eastward, 
such  as  occurred  later,  in  1866  and  1867. 

It  seems  very  likely  that  the  swarms  which  entered  Minnesota 
in  1864  were  hatched  at  no  great  distance,  and  were  the  offspring 
of  swarms  that  had  alighted  in  eastern  Dakota  in  the  preceding 
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year.  This  may  perhaps  be  inferred  from  the  following  letter  of 
the  Rev.  S.  R.  Riggs,  missionary  at  the  Sisseton  Indian  Agency, 
dated  Sept.  9,  1875: 

"Id  1868,  It  will  be  remembered,  that  on  Qeo.  Sibley's  ezpedltion  to  the 
Missouri  we  met  with  the  ravages  of  the  grasshoppers  in  various  parts  of 
Dakota,  particularly,  as  I  remember,  near  Skunk  Lake  (in  Minnehaha  coun- 
ty) where  the  large  grass  had  been  eaten  to  the  bare  stalks,  and  our  animals 
fared  badly."    He  adds : 

**  In  1865,  I  visited  a  camp  of  Dakota  scouts,  near  the  *  Hole  in  the 
Mountain,'  at  the  head  of  the  Redwood.  That  was  in  the  month  of  Au- 
gust. The  valley  of  the  Minnesota  clear  out  to  the  Coteau  was  so  Aill  of 
grasshoppers  as  to  make  it  unpleasant  travellog.  For  the  next  four  years, 
I  traveled  every  summer  on  the  Missouri  River,  coming  over  to  and  flrom 
Minnesota.  Every  season  I  met  with  grasshoppers  at  some  point  on  the 
east  side  of  the  Missouri.  In  1867,  and  also  in  1868,  we  found  them  near 
Fort  Randall.  In  1869,  In  August,  we  met  them  above  Fort  Sally,  near 
Grand  River.  In  all  these  cases,  they  were  only  in  small  battalions,  and 
appeared  to  have  come  there  fh>m  other  parts.*' 

Again,  in  1871,  slight  and  scattering  swarms  of  locusts  appeared 
in  Stearns,  Todd,  Douglas,  Pope,  Otter  Tail,  Becker  and  Polk 
counties,  and  perhaps  in  others.  In  all  these  counties  they  were 
in  sufficient  numbers  to  make  themselves  noticeable,  and  in  some 
cases  crops  were  injured,  or  a  few  eggs  laid;  but  the  occurrence 
would  have  been  mostly  forgotten  by  this  time  if  it  had  not  been 
brought  to  mind  by  more  recent  events. 

The  invasion  of  1873  was  something  unusual  in  its  character 
from  the  earliness  of  its  arrival,  the  direction  from  which  it  came, 
and  from  the  fact  that  it  was  the  beginning  of  a  visitatioii  which 
has  been  prolonged  to  the  present  time  by  what,  judging  from 
former  years,  would  appear  to  be  unusual  circumstances.  Each 
summer  since  1873,  instead  of  being  the  scene  of  a  general  de- 
parture of  the  hatching  swarms  as  in  former  years,  has  seen 
portions  of  these  alighting  but  a  few  miles  from  where  they 
were  hatched,  (generally  in  the  next  range  of  counties,  and  some- 
times in  other  parts  of  the  same  county,)  and  depositing  eggs  for 
another  brood.  In  addition  to  these,  new  swarms  coming  in  from 
the  northwest  in  1874  and  again  in  1876,  have  added  greatly  in 
the  area  of  devastation  in  both  these  years,  and  in  the  latter  year 
to  the  area  of  egg-deposit. 

MINNESOTA  AS  A  BREEDING  GROUND  OF  THE  LOCUST. 

Without  saying  anything  for  the  present  about  the  new  coming 
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swarms,  the  history  of  those  that  have  bred  inside  the  State  since 
1873  has  been  as  follows:  They  reached  the  southwestern  comer 
of  the  state  about  the  first  of  June,  1873,  brought  by  a  wind  that 
had  been  blowing  freshly  from  the  southwest  for  several  days. 
During  June  and  July,  they  spread  themselves  over  the  whole  or 
portions  of  fourteen  different  counties,  lying  adjacent  to  each 
other,  and  throughout  all  this  area  locusts  were  found  to  be  hatch- 
ing in  1874.  On  acquiring  wings,  these  flew  northward  early  in 
July,  and  portions  of  them  alighted  in  the  range  of  counties  next 
beyond  those  they  had  already  occupied,  leaving  vacant  the  ground 
they  had  covered  on  hatching.  By  the.  15th  of  July  they  had  en- 
tered Blue  Earth,  Nicollet,  McLeod  and  Renville  counties.  By 
the  latter  date,  new  swarms  had  begun  to  pour  in  from  the  north- 
west, and  passed  over  the  western  counties  to  the  southward.  That 
these  additional  swarms  did  not  add  much  to  the  stock  of  eggs  de- 
posited by  our  own  brood  is  probable,  for  two  or  three  reasons; 
first,  because  their  progress,  so  far  as  it  could  be  traced,  was  en- 
tirely across  the  state,  and  even  across  most  of  western  Iowa,  before 
laying  eggs;  and  secondly,  because  the  principal  hatching-ground 
of  1875  was  precisely  in  those  counties  which  had  been  already 
occupied  by  our  own  stock  in  1874  (before  the  arrival  of  new 
corner^)  with  some  slight  additions  to  the  easirward.  Eggs  were 
also  laid,  later  in  the  season,  in  scattered  spots  in  some  of  the 
northern  counties,  and  in  six  towns  in  Meeker  county,  by  swarms 
coming  in  from  the  northwest  about  the  first  of  August.  But  the 
greater  portion  of  the  locusts  hatched  in  1875  were  found  along 
the  Minnesota  River,  and  these  on  flying  moved  southward,  and 
alighted  in  the  range  of  counties  next  beyond  those  they  had  just 
occupied,  where  they  remained  and  deposited  eggs  during  July  and 
August.  Of  the  swarms  hatched  from  these  last  spring  (1876)  some 
flew  away  to  the  southward  early  in  July,  while  others  flew  north- 
ward, some  alighting  along  the  Minnesota,  and  others  moving  still 
further  north.  Other  swarms  also  came  from  the  west,  from  the  Red 
River  valley,  into  several  of  the  northern  counties,  and  were  prob- 
ably a  portion  of  those  that  hatched  along  the  Red  River.  By  the 
10th  of  July  all  these  had  made  their  appearance  in  thirteen  coun- 
ties besides  those  in  which  they  were  hatched,  but  generally  in 
small  and  scattered  bodies,  and  in  only  two  or  three  towns  in  a 
county;  they  were  most  numerous  in  Renville,  Douglas,  and  Otter 
Tail  counties. 

The  object  of  the  preceding  paragraph  is  to  show  that  it  is 
probable  that  the  locusts  which  hatched  in  Minnesota  last  Spring 
were  to  a  considerable  extent  the  descendants  of  the  swarms 
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which  entered  the  State  in  1873.  However  unimportant  it  may 
seem,  it  has  a  certain  value  if  it  enables  us  to  judge  of  the  effect 
upon  the  Rocky  Mountain  locust  resulting  from  a  four  years* 
continuous  breeding  in  our  climate. 

DEGENBBATION. 

So  much  has  been  said  of  late  years  of  the  tendency  of  the 
migratory  locust  to  "degenerate"  in  the  more  easterly  and  south- 
erly portion  of  the  area  visited  by  it,  and  this  theory  has  been 
considered  by  our  people  so  complete  a  failure,  that  it  is  worth 
while  to  state  exactly  what  the  theory  is,  and  how  truly  it  applies 
to  our  State.  It  might  have  been  submitted  at  the  start  that 
opinions  based  upon  a  consideration  of  events  still  occurring,  and 
more  or  less  liable  to  be  modified  by  new  circumstances,  should 
not  be  pressed  too  far  nor  too  literally;  and  it  was  just  that  in 
judging  as  to  the  correctness  of  these  opinions,  that  they  should 
have  been  fairly  stated.  I  give  them  in  the  briefest  form  in  which 
I  find  them:  "There  is  nothing  more  certain  than  that  the 
insect  is  not  autochthonous  in  West  Missouri,  Kansas,  Ne- 
braska, Iowa,  or  even  INIinnesota,  and  that  when  forced  to  migrate 
from  its  native  home,  from  the  causes  already  mentioned,  it  no 
longer  thrives  in  this  country. "  (Riley's  Seventh  Annual  Report, 
p.  165.)  It  will  be  noticed  that  Dakota  and  Colorado  are  not 
included  in  this  list;  that  Minnesota  is  to  some  extent  excepted, 
and  that,  though  not  directly  stated  in  the  sentence  quoted,  the 
application  is  to  swarms  breeding  one  year  after  another  in  the 
regions  mentioned,  and  not  to  such  fierce  hordes  as  have  swept 
down  upon  us  from  the  northwest  in  the  summers  of  1874  and 
1876.  The  discouraging  events  of  the  last  four  years  have  served 
to  confuse  the  question,  and  it  is  no  wonder  that  our  farmers, 
seeing  the  considerable  numbers  that  have  remained  to  breed  here 
from  one  year  to  another,  with  the  intolerable  numbers  that  have 
been  added  in  two  out  of  four  seasons,  should  come  to  believe 
that  Providence  has  given  over  one  half  of  our  state  to  be  hence- 
forth the  perpetual  home  of  the  locust.  We  have  a  series  of 
occurrences  so  different  from  those  of  Missouri,  Kansas  and  Ne- 
braska, that  it  seems  hard  to  account  for  them  on  any  basis  of 
mere  accident  or  of  which  way  the  wind  happens  to  blow  when 
our  swarms  are  ready  to  migrate. 

The  winds  which  sweep  clean  away  the  hatching  swarms  of  the 
more  southern  states  carry  our  own  but  a  few  miles  from  their 
birth  place.     It  is  evident  that  they  are  not  detained  here  merely 
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by  abundance  of  food,  for  the  swarms  of  Kansas  and  Missouri 
leave- behind  them  fields  as  rich  as  ours;  nor  by  force  of  winds,  for 
the  same  winds  that  bring  down  upon  us  invaders  born  hundreds 
of  miles  away,  and  carry  them  across  our  state  and  into  more 
southerly  regions,  might  also  carry  with  them  the  broods  of  our 
own  hatching.  I  believe  it  is  not  as  yet  fully  known  what  con- 
nection there  may  be  between  the  migrations  of  the  locust  and  its 
season  of  egg-laying,  but  it  seems  that  some  cause  for  the  fact 
that  portions  of  our  swarms  remain  here  to  breed  can  be  found 
in  an  early  stage  of  egg-laying.  Here  again  we  have  a  difference 
between  our  own  broods,  and  not  only  the  new  swarms  that  come  in ' 
upon  us  from  the  mountain  regions,  but  also  those  which  leave  the 
more  southerly  regions  and  fly  to  the  northwest  on  acquiring 
wings.  As  for  the  latter,  in  the  flight  from  the  Missouri  Valley 
northward  in  1875,  Prof.  Riley  was  able  to  learn  of  no  case  of 
their  depositing  eggs,  nor  were  the  hatching  grounds,  (outside  of 
Minnesota,)  of  last  spring  found  to  be  anywhere  in  the  vicinity 
of  those  of  1875  ;  as  for  the  swarms  that  have  descended  upon  us 
during  the  summer,  I  have  not  been  able  to  learn  of  any  deposit 
of  eggs  whatever  in  any  of  their  stopping  places  on  their  way 
toward  this  state,  and  even  on  arriving  here  it  was  evident  in 
most  cases  that  they  had  not  yet  reached  the  season  of  egg-laying. 
Between  the  17th  and  the  31st  of  July  there  was  a  gradual  move- 
ment, apparently  of  new-comers,  across  the  state  towards  Iowa, 
and  the  egg-laying  did  not  become  general  until  about  the  latter 
date.  Between  the  first  and  sixth  of  August  other  swarms  came 
in,  and  these  again  in  most  cases  did  not  begin  to  lay  until  a 
week  or  more  after  their  arrival.  Still  others  came  in  later,  and 
the  laying  was  kept  up  until  late  in  September  and  was  seen  to 
occur  in  October,  or  as  long  as  the  locust  remained  alive.  On 
the  other  hand  our  own  stock  were  seen  in  1876  to  be  laying 
within  eight  days  after  their  flight  commenced  and  in  the  places 
where  they  first  alighted,  and  during  the  past  season  the  laying 
had  already  begun  on  the  third  of  July  and  by  the  tenth  had 
become  general  in  the  western  part  of  Nicollet  county,  within  a 
few  miles  from  their  hatching-ground,  and  within  two  weeks 
from  the  time  when  the  flying  began.  This  early  period  of  lay- 
ing may  be  of  itself  a  sufficient  cause  for  portions  of  our  swarms 
remaining  here,  while  the  less  mature  pass  on. 

NATURAL  DECREASE   PROM   ONE  YEAR  TO  ANOTHER. 

But  though  portions  remain,  there  is  no  increase  in  their  num- 
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bers  from  one  year  to  another.  So  far  from  holding  its  own,  the 
locust  has  seen  its  breeding  grounds  decrease  from  nearly  fourteen 
counties  in  1873,  to  some  seven  and  a  half  counties  in  1874,  and 
about  five  and  a  half  counties  in  1875;  and  in  this  latter  area 
though  able  to  inflict  serious  damage  in  many  places  (owing  chiefly 
to  the  snlall  acreage  planted)  they  were  in  other  places  noticeably 
fewer  than  in  former  years. 

This  continuous  decrease  has  resulted  from  several  causes,  and 
the  first  of  these  is  the  early  stage  of  laying  just  alluded  to,  by 
means  of  which  considerable  numbers  of  locusts  have  hatched 
out  during  the  last  two  autumns,  and  have  died  without  repro- 
ducing theniselves.  In  this  connection,  the  state  of  Minnesota 
has  an  advantage  over  more  southerly  regions,  in  the  fact  that  we 
are  situated  nearer  to  the  breeding-grounds  of  invading  swarms. 
Of  these  the  earlier  comers  are  more  likely  to  pass  over  us  before 
reaching  the  full  period  of  their  development,  while  th^  later 
comers  are  cut  off  by  our  earlier  frosts;  and  of  the  eggs  which  are 
left  with  us,  being  deposited  earlier  in  the  season,  more  are  likely 
to  hatch  in  the  fall  and  become  harmless.  On  the  other  hand,  the 
invaders  are  more  likely  to  mass  their  forces  in  more  southerly 
states,  reach  them  in  full  maturity,  and  remain  later  in  the  sea- 
son, while  the  eggs,  being  deposited  later  than  ours,  remain  mostly 
unhatched  until  spring.  These  considerations  enable  us  to  under- 
stand why  certain  counties  in  Missouri,  where  the  locusts  hatched 
in  1875,  presented  in  May  such  a  picture  of  devastation  and  deso- 
lation as  Minnesota  has  never  seen  in  all  its  locust  experience. 

But  while  becoming  prematurely  developed,  (if  this  is  a  correct 
expression  of  the  facts  as  stated,)  the  locust  had  also  become 
shorter  lived.  One  year  ago,  there  was  hardly  such  a  thing  as  a 
Rocky  Mountain  locust  to  be  found  in  Minnesota  by*  the  first  of 
September.  The  swarms  that  had  hatched  along  the  Minnesota 
River  in  the  spring,  and  had  alighted  but  a  few  miles  further  to  the 
south  in  July,  had  almost  totally  perished  in  August,  without 
extending  the  territory  of  their  occupation  more  than  the  width  of 
one  county  beyond  the  area  which  they  covered  on  alighting.  And 
in  this  connection  we  owe  more  to  the  Tachina  maggot  than  many 
are  willing  to  allow.  But  of  the  invading  swarms  of  the  present 
year,  though  large  numbers  of  the  bodies  of  the  dead  could  be 
found  in  the  fields  early  in  September,  (something  unusual,  from 
the  fact  that  heretofore  they  have  hardly  ever  been  found  at  all,) 
large  numbers  remained  alive  until  they  were  killed  by  frost,  and 
even  then  died  with  eggs  unlaid. 

Still  another  effect  of  naturalization  during  the  last  four  years 
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is  an  apparent  change  in  character,  slight  in  ilself,  but  showing 
what  the  tendency  would  be  if  the  locust  were  to  continue  to  breed 
here.  While  it  has  lost  some  portion  of  its  inclination  or  its  ability 
to  migrate,  it  has  also  lost  somewhat  of  its  gregarious  character. 
This  was  shown  by  the  young  locusts  last  spring,  moving  over  the 
fields  m  scattered  bodies,  or  in  no  bodies  at  all,  a  peculiarity  so 
noticeable  as  to  attract  the  attention  of  the  farmers  ;  by  the  move- 
ments of  the  swarms  on  leaving  their  hatching-grounds,  in  small 
squads  and  in  various  directions  ;  and  by  the  fact  that  where  they 
alighted  first  they  left  their  eggs  promiscuously  here  and  there  in 
the  grain  fields,  instead  of  in  bodies  and  in  selected  spots  as  here- 
tofore. There  was  no  general  flying  from  their  hatching-ground 
in  large  bodies,  mostly  in  one  direction,  as  was  the  case  in  1874 
and  1875.  By  the  last  week  in  June,  they  began  to  leave  some 
places  so  imperceptibly  that  their  departure  could  hardly  be  seen, 
though  their  numbers  were  noticeably  diminished.  For  the  first 
ten  days  of  July,  small  squads  went  careering  up  and  down,  south 
of  the  Minnesota  river,  and  wherever  there  was  anything  like  a 
movement  of  large  bodies  they  seem  to  have  left  the  state  to  the 
northwest,  west,  and  southwest.  In  the  meantime,  others  had 
spread  themselves  northward  towards  the  North  Pacific  Railroad, 
and  had  alighted  here  and  there  in  numbers  sufficient  to  do  con- 
siderable damage.  But,  judging  from  the  occurrences  up  to  the 
10th  of  July,  had  it  not  been  for  new-comers,  next  year  would 
have  seen  the  insects  so  few  and  so  scattered  as  to  be  incapable  of 
great  damage,  and  they  might  become,  in  a  year  or  two,  as  flitting 
and  as  unnoticeable  as  the  Red-Legged  Locust  that  breeds  with  us 
every  year. 

Probably  this  is  all  that  can  be  made  of  the  "  degeneration"  of 
the  locust  so  far  as  observed  in  Minnesota.  It  had  not  become  so 
impaired  in  strength  nor  so  diminished  in  numbers  as  not  to  prove 
a  serious  evil  wherever  it  alighted  or  laid  eggs.  It  waa  however 
decreasing  in  numbers,  and  gradually  becoming  less  capable  of 
reproducing  itself.  Something  might  perhaps  be  added  in  regard 
to  changes  in  color  and  appearance;  while  the  locusts  which  hatched 
in  Minnesota  last  spring  had  when  fully  developed  something  of 
the  darkness  and  dullness  of  old  age,  the  brightness  and  fierce- 
ness of  the  fresh  invaders  was  apparent  to  every  one. 

The  facts  stated  show  the  general  tendency,  but  there  is  a  more 
vital  question  than  the  tendency  of  the  locust  to  degenerate  here. 
How  long  the  state  will  continue  to  be  one  of  the  breeding- 
grounds  of  the  locust,  is  simply  how  long  new  hordes  will  continue 
to  sweep  over  us  and  leave  here  fresh  seeds  of  future  devastation. 
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Nothing  is  more  certain  than  that  we  might,  by  general  and 
continued  effort,  practically  eradicate  the  offspring  of  almost  any 
one  year's  invasion;  nothing  is  more  probable  than  that  in  almost 
any  season,  the  whole  body  of  our  hatching  swarms  might  be 
utterly  swept  away  from  our  midst  by  favorable  winds;  and  finally, 
if  we  may  judge  from  the  last  four  years,  our  breeding-swarms 
would  decrease  gradually  from  one  year  to  another,  and  if  not 
reinforced  from  abroad  would  finally  become  so  few  and  so  scat- 
tered as  to  be  harmless. 

ANNUAL  DEPARTURE  OF  THE  LOCUSTS. 

Resides  the  causes  of  decrease  already  mentioned,  still  another  has 
been  found  in  the  impulse  which  moves  the  locust  to  leave  its  birth- 
place on  acquiring  wings.  The  considerable  numbers  that  have 
remained  behind  each  year,  have  created  the  impression  that  none 
were  gone,  and  that  the  locust  had  become  a  permanent  appendage 
of  the  state.  But  a  collection  of  various  items  for  the  last  three 
years,  together  with  letters  received  from  the  eastern  tier  of 
counties  in  Dakota,  shows  that  considerable  numbers  have  left  the 
state,  generally  to  the  northwest  in  1874,  and  in  various  directions 
during  the  past  summer.  But,  with  Dogberry,  we  have  been 
content  to  'Hake  no  note  of  him,  but  let  him  go,  and  thank  Ood 
we  were  rid  of  a  knave."  It  is  only  within  the  last  year  or  two 
that  it  has  become  fully  apparent  that  the  final  destination  of 
these  departing  swarms  is  an  important  consideration,  and  one 
which  serves  to  complicate  the  locust  question  more  deeply  than 
ever. 

Whether  or  not  it  is  a  general  rule  that  the  locusts  on  acquiring 
wings  seek  the  direction  from  which  their  parents  had  come  in  the 
preceding  year,  (a  rule  which  the  experience  of  Minnesota  fails  to 
substantiate,)  it  is  at  least  certain  that  in  1875  ''the  main  direc- 
tion taken  by  the  insects  that  rose  from  the  lower  Missouri  valley 
country  was  northwesterly."  (Riley's  8th  Ann.  Report,  p.  105.) 
These  swarms  were  traced  by  Prof.  Riley,  moving  northerly  from 
the  end  of  May,  through  June  and  into  July,  and  passing  various 
points  in  Dakota,  Wyoming  and  Montana.* 


■^  He  adds  (page  108)  *'  Dor  cftn  I  learn  of  any  instance  where  these  swarms 
that  left  oar  territory  deposited  eggs."  The  different  case  of  onr  own  breed 
of  locnsts,  laying  eggg  within  two  weeks  after  the  flying  commences,  is  re- 
markable. But  I  am  informed  by  Captain  J.  S.  Poland,  commanding  at 
Standing  Rock,  that  a  swarm  f^om  the  soath  alighted  near  that  post,  Joly 
4th,  1875,  and  deposited  considerable  quantities  of  eggs  between  the  4th  and 
the  18th  of  Joly. 
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They  passed  northward  over  Bismarck  at  vipous  times  between 
June  6th  and  July  15th.  (Same  report,  p,  86.)  But  a  still  more 
definite  statement  as  to  the  final  destination  of  these  northward 
moTing  swarms  is  found  in  an  editorial  of  the  Winnipeg  Stand- 
ardy  of  August  19,  1876,  entitled  "Locust  Flights."  It  is  there 
stated  that  in  1875, 

*'The  locusts  which  hatched  1o  Missouri,  Kansas  and  Nebraska,  In  an  area 
of  250  miles  from  east  to  west,  and  800  mUes  f^om  north  to  sonyi,  took  flight 
in  Jane,  and  invariably  went  northwest,  and  fell  in  Innamerabje  swarms 
npon  the  regions  of  British  America,  acijoinlng  Forts  Pelly,  Carlton  and  £1- 
Uce,  covering  an  area  as  large  as  that  they  vacated  on  the  Mfcsoari  River. 
They  were  relnrorced  by  the  retiring  column  from  Manitoba,  and  it  seemed 
to  be  hoping  against  hope  that  the  new  ^swarms  of  1876  wonid  ^ot  again  de- 
scend npon  the  settlements  In  the  Red  River  valley.  Intelligence  was  re- 
ceived here  that  the  insects  took  flight  from  the  vicinity  of  Fort  Pelly  on 
the  lOth  of  Jaly,  and  then  followed  a  fortnight  of  intense  snspense." 

There  is  of  course  in  all  this  a  failure  to  connect  by  any  direct 
chain  of  continued  observations  the  swarms  that  left  thf  Mississippi 
valley  in  1875  and  those  which  finally  disappeared  in  the  region 
of  the  mountains  and  in  British  America;  still  less  is  it  shown 
that  those  swarms  were  the  parents  of  those  which  are  known  to 
have  hatched  in  the  same  regions  in  1876,  or  eyen  that  those 
which  are  known  to  have  hatched  there  were  those  which  descended 
upon  the  lower  country  in  July  and  August.  But  there  is  at 
least  a  strong  series  of  probabilities. 

A  great  deal  has  been  said  within  the  past  two  years  about  the 
practical  help  which  the  general  government  may  perhaps  find 
itself  able  to  extend  to  the  people  of  the  Mississippi  valley  by 
attacking  the  locust  in  its  native  breeding-places,  and  it  has  been 
considered  possible  that  some  means  might  eventually  be  discovered 
of  preventing  or  at  least  mitigating  such  inroads  as  that  which 
has  just  ended.  Bmt  if  the  events  of  1875  and  1876  have  any  such 
connection  as  is  claimed  for  them  in  the  preceding  paragraph,  if 
the  more  northern  and  western  breeding-grounds  of  the  locust 
are  recruited  from  the  lower  cultivated  regions  in  alternate  years, 
the  problem  of  how  to  give  practical  help  to  the  farmer  will  be 
greatly  simplified.  It  would  be  hard  to  imagine  a  method  of  ex- 
tirpating the  swarms  or  the  eggs  of  a  hurrying  insect  from  an 
extended  area,  or  perhaps  several  such  areas,  of  mountains  and  des- 
erts, the  resort  of  wild  beasts  and  savages,  where  only  armed  bands 
can  maintain  a  foothold;  and  on  the  other  hand  it  would  be  hard 
for  the  government  to  find  a  time  better  fitted  to  begin  the  exter- 
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mination  of  the  locust  than  when  the  mountain  region  must  be 
measurably  depleted^of  its  stock,  nor  a  place  better  situated  for  the 
warfare  than  a  region  where,  with  any  fair  assurance  of  conquer- 
ing a  peace,  every  inhabitant  stands  ready  to  do  battle. 

STARTING  POINTS  OF  INVADING  SWARMS  IN  1876. 

Besides  the  region  named  in  the  article  above  quoted  from  the 
Winnipeg  Standard,  various  pa;^s  of  Montana  are  known  to  have 
been  considerable  hatching-grounds  during  the  past  spring.  In  the 
Bismarck  Tribune  of  June  14th  is  found  the  following,  which  is 
quoted  because  it  gives  an  idea  not  only  of  the  place  but  of  the 
nature  of  a  breeding-ground : 

<<  In  the  Field,  near  Rosebud  Buttbs,  May  29,  1876. 
''As  we  move  westward  the  grazing  improves,  and  here  in  the  Little 
Missouri  Valley  the  season  is  at  least  a  month  in  advance  of  the  season  on 
the  Missouri.  This  would  be  a  splendid  grazing  region,  were  the  water 
good.  The  grass  is  heavy  and  nutritious,  but  the  water  is  strongly  im- 
pregnated wfkh  alkali.  Millions  of  locusts  are  Just  now  making  their 
appearance  in  this  region.  Too  young  to  fly  or  do  much  harm,  in  a  few 
days,  should  the  winds  favor  them,  they  will  sweep  down  upon  the  defence- 
less agriculturalists  on  the  border,  doing  untold  damage." 

Officers  who  passed  over  the  country  between  the  Little  Missouri 
and  the  Yellowstone  rivers  during  the  spring,  state  that  at  various 
points  in  that  region  young  locusts  were  found  in  immense  num- 
bers. Shortly  before  the  23d  of  July,  migrating  swarms  of  locusts 
appeared  in  the  vicinity  of  Gen.  Crooks'  camp;  "myriads  of 
grasshoppers  filled  the  air,  appearing  like  an  immense  drifting 
snow-storm,  trending  toward  the  southeast,  and  apparently  taking 
advantage  of  a  northwest  wind  to  favor  their  flight  to  the  same 
fields  that  they  have  effectually  devastated  for  two  consecutive 
seasons."  (Extract  from  a  letter  of  July  23d,  quoted  in  the 
Pioneer- Press  and  Tribune.) 

MOVEMENTS  OF  SWAHMS  OUTSIDE  OP  MINNESOTA. 

It  is  difficult  to  show  any  eastward  movement  across  Dakota  of 
these  swarms  that  hatched  in  Montana.  At  Standing  Rock,  the 
movement  was  from  the  north.  On  the  19th  of  July,  quite  a  large 
number  were  observed  coming  from  the  north,  and  by  the  26th 
had  about  all  disappeared  from  the  vicinity  of  that  station.  Capt. 
Poland  states  that  the  main  body  appeared  to  pass  to  the  west  of 
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that  station,  moving  south.  No  eggs  were  laid  at  Standing  Rock, 
or  in  the  immediate  region.  At  Fort  Sully,  as  shown  by  the 
records  of  the  Signal  Observer,  the  locusts  appeared  at  various 
dates  from  the  14th  to  the  30th  of  July,  and  again  from  the  10th 
of  August  till.  September  2d  ;  but  whenever  the  direction  of  their 
flight  is  given,  it  is  to  the  northwest.  BTo  eggs  were  known  to  be 
deposited  there.  At  Lower  Brule  Agency,  on  the  29th  of  July,  an 
immense  swarm  alighted  from  a  westerly  direction,  and  flew  again 
to  the  northwest,  after  remaining  five  days.  At  different  times 
during  the  month  of  August,  small  swarms,  coming  from  a  westerly 
direction,  alighted  and  died  there.  No  eggs  deposited.  At  Yank- 
ton, the  course  was  generally  south,  through  the  flying-season. 

It  is  probable  that  both  in  1874  and  1876  the  swarms  that  came 
into  this  state,  at  least  in  the  earlier  part  of  the  season,  were 
hatched  in  or  near  British  America.  This  is  to  be  inferred  from 
the  direction  of  their  coming,  the  fact  that  we  know  of  extensive 
hatching-grounds  in  British  America  in  both  these  years,  and  that 
we  know  of  no  nearer  hatching-ground.  There  is  here  also  a 
failure  to  connect  Minnesota  with  any  known  breeding-place  by 
^  any  continuous  observations.  But  it  is  known  at  least  that  at 
Bismarck  swarms  passed  south  at  various  times  during  July,  1876. 
At  Jamestown,  (on  the  N.  P.  Ry.,  east  of  Bismarck,)  a  large  swarm 
coming  from  the  northwest  on  the  12th  of  July,  dropped  and 
remained  until  the  24th  when  they  left,  going  south.  On  the  14th 
of  August  a  very  large  swarm  passed  over  southward  without  alight- 
ing. At  Worthington,  D.  T.,  (still  farther  east,  on  the  Northern 
Pacific  Railroad,)  the  first  flight  appeared  from  the  south  on 
the  25th  of  June,  stayed  about  24  hours  and  on  a  change  of  wind 
went  south.  For  the  next  six  weeks  locusts  passed  over  that 
station  in  various  directions. 

At  Fort  Totten,  '*  in  the  summer  of  1875,  grasshoppers  hatched  In  the 
vicinity  of  the  post,  took  wing  in  June,  and  left  in  the  beglnuing  of  July. 
In  1876,  there  was  no  hatching,  but  they  came  and  departed  without  doing 
material  damage.  They  always  go  and  come  with  the  wind.  They  came 
about  the  middle  of  July,  and  left  in  about  four  days ;  came  again  two  weeks 
afterwards  and  left  without  depositing  any  eggs.  Swarms  generally  came 
fl*om  Ijie  northwest.  They  often  pass  over  in  large  numbers  without  doing 
damage."  L.  C.  Hunt, 

Lieut.  Col.  20th  Inf. 

BISTTRANCE  OF  IITVADING  SWARMS. 

V 

The  rate  at  which  swarms  have  been  pouring  into  the  state  du- 
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ring  the  summer,  may  be  judged  from  notes  taken  at  points  along 
the  western  line  of  the  state  of  Minnesota,  and  from  the  eastern 
tier  of  counties  in  Dakota.  I  give  them  in  regular  succession, 
from  Pembina  southward: 

Pembina,  D.  T.,  Aag.  81,  1876.— ''No  locosts  hatched  near  here,  and  no 
eggs  now  deposited."  — W.  R.  Goodfellow. 

July  8.—"  Grasshoppers  first  observed  to-day.  They  conld  scarcely  be 
seen  with  the  naked  eye,  bnt  by  nsing  colored  eye-glasses  they  were  made 
plainly  visible.  They  were  In  great  numbers, '  flying  very  high,  far  above 
cnmalas  clonds,  and  In  a  northeasterly  direction." 

Jaly,  9.—"  Grasshoppers  flying  northeast. 

Jnly  n. — <*  Grasshoppers,  flying  high,  and  moving  southeast,  were  ob- 
served in  great  numbers.'* 

July  12.— <<  Grasshoppers  still  appear  moving  south-southeast,  flying  very 
high ;  can  scarcely  be  seen  with  the  naked  eye  " 

Jnly  18.—''  Grasshoppers  still  continue  to  be  seen  moving  south  by  east.** 

July  17.—**  Grasshoppers  noted  to-day,  moving  southeast,  in  greater 
numbers  than  heretofore,  and  flying  considerably  lower.  None  have  as  yet 
alighted." 

July  20. — **  Grasshoppers  continne  to  fly  pver  this  place,  moving  from  the 
northwest."— Records  of  the  Signal  Observer,  J.  Kabernagle. 

Grand  Forks,  Grand  Forks  county,  D.  T.  (nearly  opposite  Crookston) 
Aug-  28,  1876.—*'  A  few  locusts  were  hatched  here  and  flew  to  the  southeast 
early  in  July. 

'*  A  few  lit  on  the  9th  of  July.  They  came  from  the  north  before  alight- 
ing, baton  the  8th  the  same  grasshoppers  flew  north  and  returned  next  day, 
a  few  alighting,  and  all  left  on  the  10th,  without  doing  any  injury— direction 
southeast. 

**  From  the  10th,  all  through  the  month  of  July,  when  the  weather  was  fine 
and  clear,  and  the  wind  ft'om  the  north  or  northwest,  more  or  less  of  them 
flew  over,  moving  in  a  southerly  or  southeasterly  direction.  But  in  no  in- 
stance have  I  seen  very  heavy  clouds  of  them  until  the  4th  and  6th  of 
August,  when  I  was  out  on  the  head  waters  of  the  Turtle  and  Big  Saalt, 
ft'om  thirty-five  to  forty  miles  west  and  northwest  of  this  place,  I  saw  them 
moving  in  a  southeasterly  direction,  in  thicker  and  heavier  clouds  than  I 
ever  before  saw  grasshoppers  flying..  On  the  evening  of  the  5th  it  rained, 
and  a  considerable  portion  of  them  fell,  and  rose  next  day,  moving  in  the 
same  direction  as  before.  And,  strange  to  say,  they  rose  without  much 
sunshine,  as  the  day  was  cloudy,  and  the  sun  showed  itself  only  at  inter- 
vals, and  that  for  a  few  minutes  at  a  time.  I  never  saw  them  move  before 
except  upon  a  clear,  sunshiny  day,  with  a  wind  favorable  to  the  direction  in 
which  they  wanted  to  move.    None  lit  near  the  Red  River  at  this  time. 

**  I  do  not  think  that  any  eggs  have  been  laid  here  by  those  alighting  in  July, 
nor  by  those  alighting  on  the  5lh  of  August,  west  of  here  thirty-five  or  fbrty 
miles."— Hector  Bruce. 
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Crookstou,  Polk  Co.,  MIdd.,  Sept.  2, 1876.— *<0n  July  lOtb  and  11th,  8warm» 
of  'hoppers  came  from  the  sonthwest,  ana  lit  at  Orookston  and  vicinity^ 
remaining  two  and  a  half  days,  and  without  doing  any  damage  worth  notic- 
ing ;  they  were  pairing.  They  got  op  on  the  third  day,  and  went  northeast. 
Three  days  later,  a  large  swarm  passed  over  as,  going  east  of  aootheast, 
coming  from  the  north.  Joly  Slst,  a  few  lit  here  Arom  the  west,  but  doing 
no  damage.  August  10th,  a  few  straggling  ones  came  firom  the  north,  until 
August  16th,  when  they  disappeared,  going  south." — Ross  and  Walsh. 

Caledonia,  Traill  Co.,  D.  T.,  (a  few  miles  south  of  Crookston,)  Aug.  80th, 
1876. — *<  No  locusts  hatched  here  in  the  spring,  nor  were  any  egg^  deposited 
They  began  to  fly  over  about  July  5th,  generally  going  south  or  southwest, 
and  for  ten  days  there  was  hardly  a  day  but  what  we  could  see  some^ying, 
most  always  going  south."— Ara  Sargeant. 

Fargo,  Cass  county,  D.  T.,  Aug.  81,  1876.—**  A  few  locusts  were  hatched 
here,  and  flew  northeast  on  acquiring  wings.  A  large  swarm  alighted  on 
the  I8th,  and  remained  two  days,  without  doing  much  damage.  During  the 
last  half  of  July,  and  until  August  5th,  extensive  swarms  were  passing  over 
this  county.  Their  destination  was  determined  l^y  the  direction  of  the  wind, 
either  northwest  or  southeast. 

"  I  cannot  learn  that  any  eggs  have  been  laid  here  this  season.**— A.  J. 
Harwood. 

Breckenridge,  Minn.,  Sept.  27,  1876.— '<  Grasshoppers  hatched  here  firom 
May  28d  onward. 

June  27.— *' First  seen  flying  to-day,  few  in  numbers,  going  with  the  wind, 
ftom  northwest  to  southeast,  between  11  a.  m.  and  2  p.  m. 

July  4.— ''Flying  in  great  numbers  this  forenoon  from  9  to  11 :80,  going 
from  the  north  with  the  wind. 

July  11.— "Hoppers  coming  down  in  swarms  this  forenoon,  and  flying 
from  the  north. 

July  12.—"  Hoppers  left  to-day,  going  south,  as  there  was  a  strong  wind 
blowing  fJTom  the  north  all  day. 

July  19. — "  Hoppers  flying  from  the  northwest  to-day,  in  millions.  Seen 
first  about 9  k.  m.,  and  kept  going  until  sundown;  largest  swarm  seen  yet, 
and  looked  like  a  great  drift  of  snow. 

July  22.'-**  A  few  hoppers  seen  to-day,  flying  between  10  a.  m.  and  8  p. 
M.,  from  the  north,  slowly. 

July  28.—"  Hoppers  flying  from  9  a.  m.  to  5  p.  m  ,  from  the  north  end 
northeast,  but  not  in  great  numbers  as  on  other  days,  none  of  them  coming 
down. 

July  24.—  "  Hoppers  returning  to-day,  coming  from  the  southeast,  flying 
with  the  wind ;  began  moving  about  10  a.m.  and  till  4  p.  m.  None  came 
down. 

Aug.  1.— ".Hoppers  have  appeared  again  in  millions,  coming  from  the 
north ;  are  destroying  the  crop  in  Minnesota  and  Dakota.  But  few  of  them 
are  rising  to-day,  as  the  weather  is  cloudy. 
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Aug.  8.—*' Hoppers  still  remain,  and  are  destroying  everything,  crop, 
vegetables  and  grass.  A  few  seen  flying  daring  the  entire  day,  from  the 
southeast. 

Ang.  6. — '<  Hoppers  began  to  leave  abont  10  a.  m.,  going  southwest;  wind 
very  light,  and  from  the  west.    First  seen  depositing  eggs  to-day. 

Ang.  7,  9,  10,  and  12.—**  Hoppers  seen  flying  In  small  numbers  from  the 
southeast;  still  remain  here,  depositing  eggs."— From  the  Records  of  the 
Signal  Observer,  M.  L.  Hearne,  M.  D. 

Wahpeton,  Richland  Co.,  D.  T.,  (opposite  Breckenridge.)  Aug.  30, 1876.— 
'*  A  few  locusts  hatched  here;  so  few  that  the  dates  of  their  hatching  or 
departure  was  unnoticed.  Eggs  were  laid  only  in  scattering  spots,  after 
August  1st.  They  left  before  the  egg-laying  was  finished."— D.  Wilmot 
Smith. 

Sisseton  Agency,  D.  T.,  (opposite  Big  Stone  Co.,  Minn.,)  Aug.  12,  1876.— 
**  In  the  upper  portions  of  the  Reservation,  twenty-flve  miles  north  of  the 
Agency,  a  small  quantity  of  grasshoppers  were  hatched,  in  the  latter  part  of 
May,  and  destroyed  severaLgrain  fields  and  gardens.  At  difiTerent  times  in 
the  mqnth  of  July,  we  saw  them  flying  over,  sometimes  in  large  numbers. 
Only  a  few  straggling  ones  came  down.  The  direction  has  generally  been 
from  a  point  south  of  southwest. 

'<  On  Sabbath,  the  SOth  of  July,  we  bad  a  visitation  all  over  the  Reserve. 
They  came  down  like  snowflakes  in  winter,  and  covered  the  earth.  G-arden 
vegetables,  especially  beans  and  onions,  were  eaten  up  to  the  roots.  Com 
was  pretty  much  destroyed,  and  potatoes  and  oats  were  very  much  damaged. 
The  wheat  was  generally  ripe,  and  but  little  eaten.  They  commenced  leav- 
ing abont  twenty-four  hours  after  they  came,  but  it  was  the  last  of  the  week  ' 
before  we  were  free  fh>m  them.  They  left  on  the  same  line  on  which  they 
came,  going  towards  the  northeaat  or  east  of  northeast.  They  were  prob- 
ably the  same  that  have  lately  visited  Herman  and  Morris,  on  the  St  Paul  & 
Pacific  Railroad.  I  understand  they  were  quite  as  thick  to  the  west  of  us, 
twenty  miles,  as  here."— Rev.  8.  R.  Riggs. 

[These  swarms  appear  to  have  reached  Ortonville,  Big  Stone 
county,  about  the  first,  Herman  on  the  third,  and  Morris  on  the 
fifth  of  August.  They  came  eastward  from  the  James  river.  The 
settlers  along  the  James  river  state  that  no  locusts  were  hatched 
there,  and  that  all  that  appeared  there  during  the  season  came 
from  the  northwest.] 

Gary,  Dbukl  Co..  D.  T.,  (Opposite  Yellow  Medicine  Co.,  Minn.)  Dec.  8th, 
1876 .    *<  No  locusts  were  hatched  in  this  county  iast  spring.    The  first  flying 
swarm  appeared  in  the  latter  part  of  June,  flying  northwest  and  did  no 
alight.    July  20  a  very  large  swarm  came  from  the  southwest  and  went 
northeast ;  a  few  stopped  and  remained  about  24  hoars. 
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'*  Aogiist  15,  they  flew  very  thick,  the  largest  swarm  I  ever  saw.  They 
came  Arom  the  northwest  and  flew  sontheast.  This  swarm,  as  near  as  I  can 
learn,  was  abont  20  miles  wide.  [This  probably  fhrnished  a  portion  of  the 
swarms  which  reached  Le  Suear,  Mankato,  and  other  points  to  the  east 
and  southeast  on  the  18th  of  Aagast.]  August  19th  a  swarm  flew  from 
north  to  south.  August  24th  a  small  swarm  passed  from  northwest  to 
southeast  ;  and  again  in  the  same  direction  on  the  the  80th  of  August.  On 
September  4th,  5th,  7th,  and  9th  small  and  scattering  squads  flew  over  to 
the  southeast."— H.  H.  Herrick. 

Medary,  Brookings  Co.,  D.  T.,  (opposite  Lincoln  Co.,  Minn.,)  August  80, 
1876.— <<The  hoppers  hatched  last  spring  in  this  county  and  the  northern 
half  of  Moody  county.  These  became  ftlly  developed  Arom  the  25th  of 
June  to  July  Ist,  and  on  the  days  between  those  dates  they  left  in  great 
clouds.  The  favorable  winds  for  them  seemed  to  be  from  north,  northwest 
or  northeast.    They  seemed  inclined  to  go  southwest. 

**Erom  July  1st  until  now  the  hoppers  have  been  seen  flying  overhead  nearly 
every  day,  moving  with  the  wind,  most  numerous  always  with  northerly 
wind.  These  alighted  only  once  or  twice  inJJuly,  but  only  in  small  numbers, 
and  remained  only  a  short  time. 

*'0n  Saturday,  July  22d,  very  dense  cloads  passed  over,  (some  so  low  as 
almost  to  darken  the  atmosphere,)  with  a  northeast  wind.  They  were 
going  west.  I  have  since  learned  that  they  rose  ft'om  Minnesota,  from  the 
State  line  eastward. 

''On  Saturday,  August  5th,  very  great  swarms  passed  ftom  west  to  east. 
At  that  time  many  alighted  on  the  prairies,  but  not  many  in  the  settlement. 
The  next  morning,  Sunday,  I  drove  ft'om  Medary  to  Oak  wood,  about  18 
miles  north,  and  when  about  half  way,  I  could  see,  for  a  distance  of  thirty 
miles  up  and  down  the  valley  of  the  river,  dense  clouds  of  hoppers  rising. 
I  have  since  learned  that  they  extended  more  than  40  miles  south  of  here, 
and  I  know  more  than  20  miles  north,  making  a  belt  more  than  sixty  miles 
wide. 

*<  These  I  note  as  remarkable  displays  of  hoppers.  They  could  be  seen 
every  day,  in  what,  any  reasonable  man  would  call  sufficient  numbers.  Ko 
eggs  were  laid  in  this  county  so  far  as  heard  firom."— Rev.  G.  S.  Codington. 

Flandrau,  Moody  county,  D.  T.  (opposite  Pipestone  county,  Minn.)  Sept. 
12,  1876.—**  A  few  hoppers  hatched  here,  but  did  little  damaaje,  and  flew  to 
the  south  and  southwest  with  the  army  which  came  over  in  July. 

"  The  flrst  flying  over  came  abont  the  21st  of  July,  from  a  northeast 
course,  and  that  was  the  time  they  visited  our  crops  and  made  a  general 
raid.  Since  that  time  to  the  flrst  of  September,  they  have  been  flying  more 
or  less,  but  have  done  no  great  harm. 

August  6.—**  They  passed  over  in  large  swarms  to  the  southeast.  These 
did  us  little  harm.  They  have  laid  eggs  to  a  limited  extent  in  our  coun- 
ty."—M.  D.  L.  Pettigrew. 

Digitized  by  VjOOQIC 


110  GEOLOGICAL  AND  NATUBAL  HISTORY 

It  will  be  seen  from  this  that  swarms  from  some  source  or  other 
began  to  cross  the  state  line  to  the  eastward  on  July  8th,  at  Pem- 
bina, and  that,  as  a  general  rule,  the  date  of  arrival  of  large 
swarms  becomes  later  in  the  season  the  farther  southward  the 
point  of  arrival  moves.  And  all  these  are  only  the  incomings  of 
swarms  noticed  at  prominent  points  on  the  border;  how  many 
more  have  crossed  or  recrossed  at  other  places  where  there  ws^  no 
one  to  report  their  comings,  can  only  be  guessed  at  from  the  im- 
mense clouds  that  have  rolled  over  the  state,  passing  and  repassing 
each  other  to  the  south  and  east,  from  the  20th  of  July  to  tiie  first 
week  of  September.  At  least  one  large  swarm,  in  addition  to 
those  already  recorded,  must  have  entered  somewhere  to  the  north- 
west of  Douglas  county,  shortly  before  the  18th  of  August.  But 
whatever  form  or  continuity  these  bodies  may  have  had  before 
reaching  the  state,  it  was  soon  lost  after  their  arrival.  It  is  not 
easy  to  trace  them,  even  from  one  county  to  another,  as  they 
passed  over  ground  already  occupied  by  earlier  comers.  All  we  can 
say  is,  that  there  were  extensive  movements  in  certain  directions, 
on  certain  days. 

MOVEMENT  OP  SWARMS  WITHIK  THE   STATE. 

The  movement  of  the  various  swarms  of  our  own  hatching 
early  in  the  season  has  been  already  given.  By  the  10th  of  July 
the  counties  to  the  south  of  the  Minnesota  river  were  generally 
free  from  locusts,  and  had  begun  to  congratulate  themselves  on 
their  delivery.  Between  the  10th  and  the  20th  the  locusts  had 
begun  to  increase  largely  in  numbers  in  the  northern  counties,  but 
the  fact  that  additions  had  already  begun  from  abroad  was  not 
generally  known.  The  greater  portion  of  these  had  begun  to 
move  southward  by  tjie  latter  date  and  passed  various  points 
between  Lac  qui  Parle  and  Madelia  on  or  soon  after  July  20th. 
They  passed  gradually  along  over  the  counties  that  had  been 
injured  during  the  sprfiig  by  our  own  stock,  and  by  the  firsC  of 
August  had  reached  the  southern  line  of  the  state  and  many  had 
passed  on  into  Iowa.  As  they  moved  along,  portions  remained 
behind  here  and  there,  but  there  was  no  extensive  deposit  of 
eggs  until  they  reached  the  southern  half  of  the  lower  range  of 
counties  in  the  state.  It  seems  probable  that  these  bodies  also 
brought  with  them  to  the  southward,  parts  of  our  own  hatching 
swarms  that  had  flown  northward* early  in  the  month.  But 
by  the  twentieth  of  the  month  the  locusts  had  mostly  disap- 
peared from  along  the  lines  of  the  Saint  Paul  and  Pacific,  and 
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the  Saint  Paul  and  Sioux  City  Railroads,  and  there  were  congrat- 
ulations once  more  that  ^Hhe  hoppers  were  gone.'*  A  line 
showing  the  eastern  limit  of  their  raids  at  this  date  would  pass, 
generally  speaking,  along  the  eastern  boundary  of  Todd  county, 
through  Steams,.  Meeker,  the  eastern  part  of  McLeod,  through 
Sibley,  Nicollet,  and  the  northwest  corner  of  Blue  Earth,  and  in 
Martin  county  as  far  east  as  Fairmont. 

Between  the  end  of  July  and  the  sixth  of  August,  new  swarms 
had  been  collecting  in  Otter  Tail,  Grant,  Stevens,  and  Big  Stone 
counties,  and  in  some  of  the  eastern  counties  of  Dakota ;  and  on 
the  latter  date,  a  wind  from  the  northwest  gave  these  an  oppor- 
tunity they  had  apparently  been  waiting  for,  and  there  was  a 
general  flying  to  the  east  and  southeast,  over  a  large  portion  of 
the  western  half  of  the  state.  In  the  southwestern  counties, 
where  the  new-comers  could  be  traced  directly  back  to  Dakota, 
there  was  very  little  alighting,  and  they  mostly  passed  over  into 
northwestern  Iowa.  By  this  raid  of  the  sixth  of  August,  the 
area  of  visitation  was  extended  eastward  to  St.  Cloud,  into  Wright 
and  Le  Sueur  counties,  and  across  Blue  Earth  and  Martin  counties. 
After  the  sixth  of  August,  clear  weather  and  favorable  winds,  at 
various  dates,  carried  the  line  still  further  eastward,  as  on  the 
eleventh,  the  fourteenth,  and  especially  on  the  eighteenth  of 
August,  when  large  swarms  flew  over  Elk  River,  Monticello, 
Glencoe,  Shakopee,  Blakeley,  Belle  Plaine,  Le  Sueur,  Mankato, 
and  Blue  Earth  City,  and  one  flight  was  seen  as  far  east  as  Hast- 
ings. During  the  week  ending  August  26th,  they  were  seen  flying 
over  or  alighting  at  various  times  in  Rice,  Waseca,  Steele,  Fari- 
bault and  Freeborn  counties,  and  are  said  to  haye  appeared  over 
Rochester.  By  the  first  of  September  they  had  added  Waseca, 
Freeborn,  Carver,  and  portions  of.  Hennepin,  Sherburne,  and  Ben- 
ton counties  to  the  ^^grasshopper  regions,"  and  some  slight  addi- 
tions to  the  eastward  have  been  made  since  the  latter  date. 

The  comparatively  slow  rate  of  progress  to  the  eastward  through 
the  season  is  surprising,  considering  the  long  distances  which  the 
locust  is  supposed  to  travel,  and  the  impression  which  one  receives 
from  seeing  a  swarm  passing  in  one  direction  through  an 
entire  day.  It  is  easy  to  imagine  that  such  flights  must  have 
come  immediately  from  British  America  or  Montana,  and  that 
they  will  shortly  reach  Wisconsin  and  Illinois.  But  the  locust, 
as  it  appears  in  our  state,  moves  (with  perhaps  rare  exceptions,) 
by  day  only  and  often  for  only  a  few  hours  in  the  day,  and  a  halt 
for  the  night  is  easily  prolonged  by  head  winds  or  cloudy  weather 
into  a  halt  for  several  days  ;  nor  do  the  swarms  move  continually 
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eastward,  although  the  line  of  encroachment  is  continually  mov- 
ing in  that  direction.  In  one  case  at  least,  a  body  that  had  moved 
easterly  over  a  county  on  the  24:th  of  August,  returned  directly 
west  one  week  later.  (Freeborn  County  Standard,  editorial,  Aug. 
31,  1876.)  There  is  no  knowledge  that  any  swarm  has  (in  Minne- 
sota) reached  the  Mississippi  river  south  of  Hastings. 

But  the  general  direction  of  movement  since  the  twentieth  of 
July  has  been  to  the  southward  and  eastward.  The  experience  of 
the  summer  has  shown  that  the  Big  Woods  offer  no  impassible 
barrier.  Hitherto,  the  incoming  swarms  have  reached  about  as 
far  east  (but  not  in  great  numbers)  as  Lake  Washington,  in  Le 
Sueur  county,  longitude  16°  50'  (nearly)  west.  They  have  reached 
this  point  toward  the  end  of  August,  when  impaired  in  strength 
and  activity.  But  the  invasion  of  the  past  summer  has  been 
characterized  by  the  incoming  of  fresh  and  still  active  swarms 
late  in  August,  and  these  have  been  carried  by  winds  blowing 
freshly  from  the  west,  as  far  east  as  Mower  county,  longitude  16° 
west.  It  may  be  proved  in  future  that  the  eastern  limit  of  in- 
vasion is  determined  solely  by  the  extent  to  which  winds  prevail 
from  the  west,  together  with  the  length  of  the  season  during 
which  the  locust  retains  its  full  activity  and  strength.  The  con- 
nection between  the  movements  of  the  locust  and  the  prevailing 
direction  of  the  winds,  seems  likely  to  receive  more  attention  than 
has  hitherto  been  paid  to  it.  While  the  timbered  country  of  the 
.  northeastern  part  of  the  State  has  been  but  little  infested,  to  any 
great  distance  east  of  the  Mississippi,  it  may  be  said  that  that 
portion  of  the  state  does  not  lie  in  the  direct  line  of  invasions. 
There  is  nothing  to  show  that  swarms  purposely  turn  aside  from 
the  heavily  timbered  regions  and  go  elsewhere,  although  in  par- 
tially timbered  sections  they  alight  mostly  in  the  open  farms. 
But,  having  once  entered  the  timber,  their  progress  is  soon  ended, 
and  no  more  fortunate  destination  could  be  selected  for  our  depart- 
ing swarms  than  Northeastern  Minnesota.  Locusts  have  been 
quite  numerous  about  Brainerd  throughout  the  summer,  since 
early  in  July,  and  their  numbers  were  perceptibly  increased  on  the 
sixth  of  August,  apparently  brought  in  by  a  strong  wind  from  the 
southwest ;  but  these  evidently  found  their  progress  impeded  by 
the  timber,  for  they  did  not  extend  to  any  distance  east  of  Brainerd, 
along  the  Northern  Pacific  Railroad,  nor  did  they  lay  eggs  exten- 
sively about  Brainerd. 

The  connection  between  flying  movements  and  the  direction  of 
the  winds  may  be  shown  by  the  following  diary  kept  by  Lieut.  R. 
B.  Plotts,  of  Elk  township.  Nobles  county: 
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Jnly  5.— ** Light  wind;  first  flight  came  from  the  northeast,  and  com- 
menced to  settle  down  abont  10  a.  m.  ;  attacked  gardens  first  of  all.  They 
remained  here  till  Sunday,  the  9th,  when  in  a  brisk  breeze  from  north-north- 
west,  a  light  rain  the  night  before,  they  flew  flrom  early  in  the  morning  till 
after  sundown,  and  lit  heavily  south  of  me. 

July  10.— *<  Wind  southeast;  flew  heavily  to  the  west,  the  highest  appear- 
ing to  sheer  off  southwest.    Got  a  heavy  light  ft'om  those  east  of  me. 

July  18.— <*  Late  in  the  afternoon  wind  suddenly  veered  to  northeast,  and 
they  started  immediately.    Nearly  all  left  me. 

July  16. — "  Wind  north,  veering  to  the  east.  Not  a  very  heavy  flight  to 
the  west. 

July  16.—'*  Wind  south- southeast.    Still  going  west. 

July  17.—**  Wind  east,  trending  north,  showery.  Before  the  showers 
commenced,  could  be  seen  goiag  west.  That  ended  the  first  raid.  No  more 
fiying  over  till 

July  20.—**  Second  raid  came  in  on  a  west-northwest  wind,  and  lit  at 
night. 

July  22.—'*  Wind  north-northeast,  heavy  flight,  and  coming  down  all  day. 

July  28.— ** Wiud  northeast,  haling  east.  Heavy  flight ;  came  down  heavily, 
and  covered  everything  nearly. 

July  24.— **Wind  varying  from  north-northeast  to  east.  Coming  and  going 
all  day ;  some  commenced  laying  eggs,  which  was  kept  up  till  this  raid  all 
left  us. 

July  27.—**  Wind  from  north  and  east.  Heavy  flight,  and  most  of  them 
left  here. 

Jul7  29.— **An  east  wind  took  all  this  raid  away,  the  upper  current  being 
to  the  southwest.    No  more  flights  until 

Aug.  6.—**  Light  wind  from  northwest.  Another  heavy  raid  came  in. 
These  remained  till 

Aug.  10.— ** When  wind  again  came  from  the  northwest,  and  it  rained.  As 
soon  as  the  shower  was  over  and  before  the  sun  shone  out,  the  hoppers 
started  in  heavy  flight. 

Aug.  12.— **The  red  mites  were  flrst  noticed  doing  much  damage  to  the 

eggs. 

Aug.  18.— **Another  showery  day,  and  immediately  after  the  rain  they 
started  south. 

Aug.  14.— '*Wind  from  north  and  north-northeast.  They  started  early  and 
before  the  sun  came  out,  although  it  was  quite  cool ;  about  all  of  this  raid 
left. 

Aug.  16. — **yery  cloudy,  with  variable  winds.  Suddenly,  while  it  was  quite 
dark  with  clouds,  the  hoppers  jumped  up  aud  flew  off  southwest;  the  very 
first  pnflT  of  wind  from  the  northeast,  and  they  all  left  here. 

Aug.  18.— **Wind  again  from  the  north.  A  very  heavy  filght  passed  over, 
high  up  in  the  air.    None  alighted.    Red  mites  disappearing. 

Aug.  28.— **Wind  hauling  to  westward,  and  some  few  stragglers  flew  as 
near  south  as  they  could. 
16 
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Aug.  24.— "Wind  northwest.  Grasshoppers  very  high  and  heavy  flight  to 
the  southwest. 

Aag.  25.— "Wind  northwest     Heavy  flight  to  the  southwest,  very  high. 

Aug.  81.— "Showery  for  several  days  before;  wind  suddenly  north-north- 
west, and  by  10  a.  m.  many  grasshoppers  were  flying.  By  noon,  in  the  up- 
per air  and  almost  indistinguishable,  was  a  heavy  body  going  southwest. 
None  lit  here. 

"On  the  dates  intermediate  between  those  given  the  wind  was  very  light, 
and  there  were  no  flights,  except  perhaps  short  ones,  from  one  part  of  afleld 
to  another. 

"When  the  directions  of  flight  are  not  expressly  stated,  they  correspond 
almost  exactly  with  the  direction  of  the  wind." 

AREA   OF  THE  PRESENT  DEPOSIT  OF  EGGS. 

A  line  showing  the  eastern  limit  of  the  area  where  egg^s  are  now 
deposited  in  Minnesota  would  include  (very  nearly)  the  western 
tier  of  towns  in  Mower  county,  the  western  part  of  Steele,  Rice, 
and  Scott  counties,  the  whole  of  Carver,  the  western  part  of  Hen- 
nepin, along  the  river,  (and  in  many  places  thickly  in  the  timber 
farms,)  in  Sherburne  and  Benton  counties,  the  southern  part  of 
Todd  county,  then  westerly  including  Otter  Tail,  the  southwestern 
part  of  Becker,  and  portions  of  Clay  counties.  To  the  south  and 
wedt  of  this  line  the  locusts  have  had  possession  of  more  or  less 
of  the  state  from  the  fourth  of  July  to  the  first  of  October,  and  it 
would  be  difficult  to  specify  with  any  exactness  especially  in  the 
eastern  part  of  this  area,  where  eggs  are  most  or  least  thickly 
laid.  But  the  counties  along  the  Red  river  from  Glyndon  to  Lac 
qui  Parle  are  comparatively  free  from  eggs,  unless  in  the  eastern 
portions,  and  again  many  towns  from  Madelia  westward  in  Wa- 
tonwan, Cottonwood,  Murray,  Redwood,  and  the  whole  of  Lyon 
and  Lincoln  counties  are  almost  entirely  free  from  eggs. 

The  accompanying  map  will  show  the  areas  of  egg-deposit 
for  the  last  four  summers,  but  the  lines  must  not  be  construed  too 
exactly.  They  are  intended  to  cover  generally  the  outside  limits 
As  for  the  limit  of  the  deposit  during  the  present  year,  it  is  im- 
possible to  draw  it  exactly,  and  no  doubt  a  few  locusts  will  be 
found  hatching  in  many  spots  next  spring  which  lie  to  the  east 
of  this  line.  Late  in  the  season,  considerable  numbers  passed  over 
Owatonna  to  the  eastward,  some  over  Mantorville,  and  possibly  a 
few  over  Rochestier,  and  these,  perhaps,  will  be  found  to  have 
alighted  and  laid  eggs  somewhere  in  the  southeastern  counties.* 
On  our  borders  eggs  are  laid  in  the  southvrestern  counties  of 
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Dakota  as  far  north  as  Rock  Co.,  Miiujesota,  and  in  Iowa  as  far 
•east  as  Mower  county. 

PLACES  WHERE   BOOS   ARE   DEPOSITED. 

These  eggs  have  been  deposited,  as  a  general  rule,  in  the  vicinity 
of  cultivated  fields,  and  in  each  township  the  extent  of  the  deposit 
is  measured,  in  some  degree,  by  the  amount  of  land  under  cultiva- 
tion. It  is  not  presumable,  at  least,  that  wild  prairies  or  lands 
lying  far  distant  from  tilled  fields,  are  extensively  filled  with  eggs. 
The  locust  is  attracted  and  held  by  the  growing  crops,  and  it  seems 
to  be  something  more  than  a  mere  coincidence  that  the  area  de- 
vastated by  the  young  in  the  spring  does  not  become  a  laying- 
ground  in  the  summer  ;  this  is  especially  true  of  the  present  year, 
and  the  same  strip  of  country  where  the  locusts  hatched  in  the 
spring,  and  where  the  little  that  was  planted,  was  mostly  consumed 
by  them,  is  at  present  exactly  that  portion  of  the  infested  area 
that  is  now  most  nearly  free  of  eggs,  although  the  deposit  is  abun- 
dant enough  in  the  counties  to  the  north  and  south  of  it.  Nor  do 
the  prairies,  when  covered  with  grass,  present  many  favorable 
situations  for  the  deposit  of  eggs.  The  experience  of  the  summer 
would  seem  to  show  that  almost  any  bare,  sunny  spot,  where  the 
«arth  is  hard  enough  or  moist  enough  to  retain  the  shape  of  a  hole, 
is  selected  by  the  locust  when  she  is  ready  to  lay.  To  what  extent 
the  prairies  in  general. are  filled  with  eggs,  cannot  be  told,  of 
course,  until  the  time  of  hatching  arrives,  but  in  the  vicinity  of 
cultivated  fields  the  wild  prairie  has  received  its  share  of  eggs. 
Throughout  the  whole  area  already  given,  with  the  exceptions 
named,  there  is  hardly  a  town  where  the  deposit  was  not  so  exten- 
sive by  the  first  of  October  as  to  form  one  of  the  most  serious  of 
all  considerations  for  next  year's  crop.  These  eggs  are  laid  some- 
times in  ground  so  hard  as  to  resist  the  point  of  a  knife-blade, 
sometimes  in  sand-heaps  so  soft  that  the  next  shower  washes  off 
the  sand  and  leaves  the  egg-cones  standing  like  pegs  in  the  ground  ; 
on  knolls  high  and  clear  of  all  moisture,  on 'sand-bars  in  the  rivers, 
and  in  flats  so  low  as  to  be  overflowed  by  the  next  rain.  But  the 
most  favorable  spot  of  all,  everywhere,  is  new  breaking.  Grain 
fields  have  generally  suffered  most  damage  on  the  sides  nearest  to 
new  breaking,  and,  conversely,  in  new  breaking  more  eggs  are  laid 
on  the  sides  nearest  to  grain  fields.  In  some  counties,  a  large 
amount  of  new  breaking  has  been  done  by  non-residents,  and  will 
furnish  a  fruitful  source  of  evil  next  spring.  Of  circulars  sent  to 
nearly  all  the  infested  towns  to  ascertain  the  extent  to  which  eggs 

Digitized  by  KJJKJKJWIK. 


116  GEOLOGICAL  AND  NATURAL  HISTOBT 

were  deposited  during  the  season,  the  following,  from  Blue  Earth 
county,  is  a  sample  of  all,  as  to  the  extent  of  the  deposits,  and  the 
spots  where  they  are  situated : 

'  Beanford.— **  All  over  the  town ;  not  much  in  the  stubble,  bat  on  all  bare 
spots,  such  as  sheep-pastures,  between  the  rows  of  corn  and  potatoes,  gar- 
dens, all  places  that  Were  clean  of  weeds,  river  bottoms,  where  fed  close,, 
timothy  stubble  and  road  sides."— J.  S.  Larkln. 

Butternut  Valley.—**  It  would  be  difficult  to  run  down  a  spade  and  turn 
the  dirt  anywhere  In  stubble,  com,  potato  fields,  meadow,  or  road,  with- 
out finding  eggs.  It  seems  as  twenty  to  one  before,  and  they  destroyed 
everything."— Samuel  D.  Shaw. 

Ceresco.— **  Over  the  whole  township,  very  thick  in  most  places.*'— J.  M. 
Mead. 

Jamestown.— **  They  have  deposited  their  eggs  on  nearly  every  farm  Id 
this  township."- A.  P.  Davis. 

Judson.— *  *  They  have  laid  eggs  very  extensively,  especially  on  new  breaking 
and  roads,  some  in  the  stubble,  grass,  prairie  and  corn  lands."- Humphrey 
H.  Jones. 

Leray.— **  Eggs  are  laid  on  every  clear,  dry  place  In  the  town;  mostly  in 
corn  fields,  potato  fields,  gardens,  and  in  the  highway."— Ira  B.  Reynolds. 

Lime.—**  In  the  fiats  along  the  Minnesota  river  they  are  thicker  than  la 
the  timber,  but  along  the  roads,  and  In  old  pastures,  they  are  so  thick  that 
nobody  can  have  an  Idea,  unless  he  has  seen  it  himself."— Jacob  Bom. 

Mapleton. — **  There  Is  not  a  farmer  but  claims  that  every  favorable  spot 
on  his  farm  is  thoroughly  peppered."— J.  £.  Brown. 

Medo  — **A]1  timothy  pastures,  all  new  breaking,  in  the  roads,  and  in  some 
stubble  to  a  limited  extent— from  6  to  10  acres  In  each  quarter."— B.  F. 
Steadman. 

Kapidan.— **  Every  favorable  place  is  well  filled ;  roadsides,  tame  pastures, 
and  new  breaking  thickest,  com  fields  next,  and  stubble  fields  and  unbroken 
prairie  least."— James  B.  Swan. 

Shelby.— **A]1  along  the  highways  and  especially  on  all  new  breaking  and 
old  pastures,  corn  fields  and  prairie  lands  that  are  eaten  out  by  pasturage, 
and  in  fact  there  is  no  such  thing  as  exception  f^om  them." — ^Thomas  J. 
Cross. 
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South  Bend.—**  Eggs  are  deposited  in  every  rood  of  dry  ground  in  the 
township."— D.  P.  Davis. 

Sterling.— *<  In  some  places  the  eggs  are  stack  in  very  thiek,  but  in  the 
fields  generally  the  eggs  cannot  be  >ery  thick.  Still,  in  the  aggregate  there 
are  very  many,  being  everywhere,  even  In  the  timber."— N.  A.  Hunt. 

Vernon  Center.—*'  Eggs  are  deposited  all  over  the  township,  and  In  some 
places  veiy  thick,  seemingly  no  room  for  more,  and  in  other  places  (wheat 
stubble,}  not  so  many."— E.  W.  Washbarn. 

The  laying  this  year  seems  to  surpass  that  of  former  years  not 
only  in  the  area  filled,  but  in  the  numbers  deposited  everywhere. 
This  could  hardly  fail  to  be  the  case  when  the  laying  commenced 
early  in  July  and  was  prolonged  into  September,  and  when  some 
towns  received  deposits  from  two,  three,  or  even  four  different 
bodies.  Where  new  breaking  was  harrowed  iii  the  fall  the  eggs 
often  appeared  strewn  on  the  surface  as  thickly  as  grain  is  sown; 
e.  g.,  "  I  have  just  dragged  a  new  piece  of  breaking,  and  the  eggs 
were  as  thick  as  wheat  sown  at  the  rate  of  one  and  a  half  bushels 
per  acre;  but  I  think  they  are  thicker  on  breaking  than  anywhere 
else.    (S.  S.  Clevenger,  town  clerk  of  Bismarck,  Sibley  Co.) 

TIKE  OF  DEPOSITING  EGGS. 

The  time  when  eggu  have  been  deposited  this  year  has  been 
stated  already.  The  time  when,  or  rather  the  age  at  which  the 
Rocky  Mountain  Locust  deposits  its  eggs,  is  a  different  question. 
The  same  species  has  laid  eggs  in  Kansas,  this  year,  as  late  as  the 
13th  of  November,  and  may  continue  to  lay  in  Texas  as  late  as 
the  first  of  December.  (Riley's  7th  Ann.  Report,  p.  192.)  If  the 
mission  of  the  locust  is  to  lay  eggs  once  and  die,  what  could  be 
the  time  or  place  of  birth  of  those  insects  which  have  apparently 
just  reached  maturity /by  the  first  of  December?  Although  it  has 
been  considered  possible  that  these  are  a  second  brood  whose  pa- 
rents were  hatched  in  the  preceding  April  or  May  in  Texas  or  Col- 
orado, there  is  no  knowle^e  of  the  time  or  place  of  any  such  sec- 
ond hatching.  If  these  late  laying  swarms  are  such  as  those  which 
come  down  from  the  Snowy  Range  in  Colorado,  in  the  latter  part, 
of  August  (vide  N.  C.  Meeker,  quoted  in  Riley's  8th  Ann.  Report, 
p.  84)  it  must  be  admitted  that  the  mountain-bom  broods  are  a 
longer- lived  and  more  vigorous  race  than  any  bred  in  Minnesota. 
Besides  this,  among  the  swarms  which  have  come  in  upon  us  this 
year,  many  were  found  dying  as  late  as  October,  containing^  eggs. 
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That  the  Rocky  Mountain  Locust  lays  eggs  twice  or  three  times  in 
a  lifetime,  has  been  the  result  of  some  guess-work  among  our  far- 
mers, who  considered  it  necessary  in  order  to  account  for  facts  as 
they  saw  them.     I  give  the  result  of  a  single  experiment. 

On  the  25th  of  June,  I  shut  up  in  wire  gauze  cages  nine  pupa& 
of  the  Rocky  Mountain  Locust.  The  bottoms  of  the  cages  were 
filled  with  earth  packed  hard,  and  the  insects  appeared  to  thrive  in 
confinement.  By  the  second  of  July  they  had  all  become  perfect 
insects.  By  the  8th  of  July  they  commenced  coupling,  and  were 
seen  repeating  the  act  for  several  days.  On  the  15th  and  16th  two 
of  the  females  went  through  the  form  of  depositing  eggs,  and  I 
marked  the  place  of  deposit  on  the  edge  of  the  cage.  The  coupling 
was  repeated  again  as  before,  until  the  third  of  August.  At  that 
date  the  coupling  ended,  and  the  locusts  became  almost  inactive, 
and  were  seen  to  eat  very  rarely  afterward.* 

On  the  14th  of  August  one  of  the  males  died;  the  female  died  on 
the  9th  of  September,  and  was  found  to  contain  fourteen  full 
sized  eggs,  but  I  found  on  examining  the  cage  that  there  was  also 
a  full  sized  egg-cone  where  she  had  already  appeared  to  deposit 
on  the  fifteenth  of  July.  Of  the  rest  of  the  Rocky  Mountain 
Locusts  the  males  were  caged'  with  some  female  Red-Legged 
Locusts  caught  in  my  garden,  and  although  the  two  species  did  not 
seem  inclined  to  have  much  commerce  with  each  other,  I  saw  one 
pair  coupling.  These  observations  are  very  slight  and  imperfect, 
but  are  given  for  whatever  they  may  be  worth.  That  the  male 
dies  first  may  be  inferred  not  only  by  the  above  experiment,  but 
from  the  fact  that  in  September  it  was  common  to  find  many 
pairs  coupled,  of  which  the  female  was  alive,  but  the  male  had 
died  without  releasing  himself. 

PARASITES  AND  BNBMIES. 

The  various  insect  enemies  of  the  Rocky  Mountain  Locust  have 
been  described  sufficiently  for  common  information  by  Prof. 
Riley  on  pp.   44-46  of  the  ''  Report  of  the  Proceedings  of  a 

*  The  early  part  of  this  coupllDg  season  was  one  of  the  greatest  activity 
on  the  part  of  these  Insects ;  they  dashed  themselves  against  the  wire  of 
their  cages  as  though  all  space  would  be  too  small  to  contain  them ;  there 
wonld  be  a  flash  of  the  wings,  extended  and  closed  again  In  an  Instant,  or 
that  movement  of  the  hind  legs  known  as  **  fiddling,"  which  seemed  to  be  a 
well  known  signal  between  the  male  and  female.  In  cages,  where  several 
pairs  were  confined  together,  the  male,  while  In  the  act  of  conpllng,.  would 
repeat  this  movement,  if  brushed  against  by  another. 
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Conference  of  the  Governors  of  several  Western  States  and  Ter- 
ritories, at  Omaha,  Nebraska,  in  October,  to  consider  the  Locust 
Problem."  As  the  descriptions  are  further  illustrated  by  figures, 
and  as  the  pamphlet  is  intended  for  public  distribution  it  mlay 
serve  to  prevent  some  of  the  confused  knowledge  about  these 
parasites  and  enemies  which  has  heretofore  prevailed  to  a  con- 
siderable extent.  The  amount  of  help  which  may  be  expected,  or 
has  already  been  received,  from  these  enemies  of  the  locust  is,  in 
limited  areas^  even  greater  than  Prof.  Riley  would  assign  to  them. 
There  are  farms  where  in  loose,  mellow  soil  it  is  now  almost 
impossible  to  find  eggs,  yet  but  a  short  distance  away  eggs  may 
be  found  in  abundance  in  hard  ground.  There  was  also  great 
difference  in  the  different  flying  swarms  in  regard  to  the  presence 
of  the  internal  grub.  While  in  some  places  hardly  a  locust  (one 
out  of  five,)  could  be  found  that  was  not  affected  by  some 
internal  parasite,  in  others  they  were  almost  entirely  free  from 
them.  Mr.  W.  C.  Ralls,  of  Le  Sueur,  examined  624  locusts 
between  the  7th  and  10th  of  September,  and  in  9  of  these  the 
grub  was  found,  and  in  10  the  hair-worm.  It  would  be  well  if  we 
could  add  to  this  help  which  is  given  without  expectation  of 
bounty  or  relief,  the  help  which  might  have'  been  added  by 
thousands  of  prairie-chickens  killed  during  the  fall.  When  a 
whole  community  stands  in  need  of  every  form  of  assistance  that 
man  and  nature  can  render,  it  is  worse  than  useless  to  throw  away 
the  help,  however  slight,  that  any  willing  instrument  is  ready  to 
contribute. 

DAMAGE  TO  CROPS. 

The  form  and  substance  which  this  report  might  have  been  ex- 
pected to  assume  early  in  the  season,  have  changed  considerably 
under  changing  circumstances.  The  various  means  of  contending 
with  the  locust  have  been  set  forth  generally  and  in  detail  during 
the  past  four  months;  and  the  amount  of  damage  which  has  been 
inflicted  upon  the  crops,  while  it  might  have  been  ascertained  with 
some  precision  in  five  or  six  counties,  has  become  a  different  mat- 
ter when  combined  with  severe  losses  by  drouth,  and  extending 
over  thirty -five  or  more  counties.  The  exact  amount  of  loss  in  so 
many  different  counties,  varying  as  it  does  from  almost  total  loss 
of  the  grain  crops  to  slight  injury  to  gardens  and  late  corn,  can 
not  be  arrived  at  with  any  less  efficient  machinery  than  that  of 
the  Commissioner  of  Statistics,  to  whom  the  whole  of  this  portion 
of  the  subject  properly  belongs. 
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Of  grain,  the  oats  and  barley  have,  as  usual,  suffered  the  most; 
in  Raymond,  Stearns  county,  where  the  locusts  were  most  numer- 
ous from  the  23d  of  July  to  the  20th  of  August,  "  the  Lost  Nation 
wheat  was  only  slightly  damaged,  while  the  Fife  wheat  was  ru- 
ined." (So  stated  by  L.  B.  Raymond,  Esq.)  The  same  fact  was 
noted  by  P.  Hoffman,  Esq.,  of  Westport,  Pope  county;  but  it  is 
not  known  how  generally  the  rule  will  apply. 

Corn  and  potatoes  have  escaped  with  less  damage  everywhere, 
though  com  attacked  in  the  silk  has  been  ruined.  Peas  are  never 
specially  mentioned  except  to  note  their  escape  from  injury.  ("On 
the  whole,  we  consider  peas  and  potatoes  the  best  crop  to  raise." — 
S.  S.  Gillam,  Big  Bend,  Cottonwood  county.)  Sorghum  is  almost 
locust  proof  so  far,  both  against  the  young  and  old.  Flax,  tobacco 
and  beans  are  generally  mentioned  to  note  their  almost  total  destruc- 
tion. Farms  lying  on  the  ea§t  side  of  lakes  have  often  suffered 
less  than  others,  both  in  this  state  and  Dakota.  In  some  cases 
farms  situated  in  the  timber  have  been  passed  over  altogether;  in 
others  they  have  yielded  5  to  10  bushels  to  the  acre,  while  crops 
on  the  prairies  in  the  same  town  have  been  failures;  on  the  other 
hand,  rarely  the  timbered  portions  of  a  town  have  suffered  more 
severely  than  the  prairie  farms. 

PRACTICAL    METHODS  OF  CONTENDING    WITH    THE    YOUNG    LOCUST. 

The  different  means  of  contending  with  the  locust  both  in  the 
egg  and  the  unfledged  state,  have  been  set  forth  so  fully  and  so 
often  within  the  last  two  years,  that  they  ought  by  this  time  to 
have  reached,  in  some  form  or  other,  the  hands  of  every  reading 
man  in  Minnesota.  The  report  of  the  commission  appointed  by 
Governor  C.  K.  Davis  in  1875,  (of  which  some  5,000  copies  were 
printed,)  the  proclamation  of  Governor  J.  S.  Pillsbury,  issued 
August  30th,  1876,  contaiiang  the  gist  of  all  the  known  methods 
of  locust  warfare,  and  the  many  and  oftentimes  excellent  amplifi- 
cations and  details  of  these  methods,  as  they  have  appeared  in  the 
state  newspapers  during  the  summer,  cover  the  whole  ground  so 
far  as  it  is  known.  Finally  the  Report  of  the  Proceedings  of  the 
Omaha  Convention  repeat,  in  twelve  excellent  pages,  the  whole 
subject  once  more,  and  a  reprint  of  these  in  the  newspapers  of 
those  counties  where  the  evil  is  new  and  comparatively  unknown, 
ought  to  leave  no  further  lack  of  information. 

It  ought  also  to  be  understood  that  these  sources  contain  all 
that  has  so  far  been  made  public  on  the  subject,  and  that  the 
farmer  must  for  the  present  defend  his  crops  by  these  means  or 
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not  at  all.  We  are  so  accustomed  to  the  comprehensive  methods 
of  farming  by  machinery  that  it  is  hard  for  us  to  come  down  to 
the  petty  exercise  of  individual  exertion  which  the  European 
peasant  would  consider  only  a  regular  portion  of  his  daily  exist- 
ence. But  whatever  may  be  the  success  of  various  machines  and 
applications  which  are  now  in  preparation,  but  not  to  be  disclosed 
at  present,  there  is  as  yet  no  labor-saving  contrivance,  capable  of 
being  applied  over  large  areas,  which  can  accompli^  anything 
like  a  universal  destruction  of  the  young  locust,  and  the  general 
law  of  labor  holds  good,  that  a  man's  success  is  measured  by  the 
earnestness  of  his  own  endeavor.  Even  the  diflSculty  which 
results  from  spars^ness  of  population  may  be  overcome  in  some 
little  measure;  where  a  few  farmers  in  a  township  where  eggs  are 
laid  have  determined  to  sow  a  small  acreage  and  to  defend  it  to  the 
best  of  their  abilities,  something  may  be  gained  by  combining  and 
sowing  in  partnership,  or  side  by  side,  the  fields  that  would  other- 
wise be  distributed  over  a  township.  Of  course  there  are  objec- 
tions and  difficulties  to  any  such  method  of  proceeding,  but  they 
are  at  least  no  greater  than  those  already  presented  in  the  mere 
fact  that  the  locust  is  present.  On  the  other  hand  the  advantages 
would  be  great ;  half  a  dozen  families  acting  in  concert  and  in 
the  defense  of  one  large  field  would  accomplish  far  more  than  by 
any  disjointed  efforts  ;  it  would  be  far  easier  to  defend  the  four 
sides  of  one  large  field  than  the  twenty-four  sides  of  half  a  dozen 
smaller  ones ;  and  lastly  the  single  field  would  have  a  smaller 
number  of  locusts  in  the  aggregate  to  contend  against,  and  insects 
hatched  at  a  distance  from  it  might  never  reach  it  before  flying; 
at  least  it  is  certain  that  fields  lying  within  three  miles  of  the 
hatching  grounds  of  last  spring,  remained  untouched  until  the 
flying  season. 

WHAT  MAY  BE  DONE   BY   ENERGY  AND  PERSEVERANCE. 

Although  it  is  impossible  for  me  to  add  at  present  anything  to 
the  many  and  various  methods  of  locust-warfare  that  have  been 
repeated  so  often,  it  may  be  of  some  value  to  show  what  has  been 
or  may  be  done  with  those  already  known.  It  was  not  as  a  mere 
form  of  speech  that  the  conference  at  Omaha  concluded  with  these 
words: 

''That  our  consultation  with  each  other  and  with  those  who 
have  tested  the  matter,  has  resulted  in  the  firm  conviction  that 
by  proper  efforts,  concerted  action,  and  a  vigorous  and  determined 
warfare  against  them,  t&e  young  grasshoppers  which  may  be 
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hatched  out  next  year,  or  any  subsequent  year,  can  be  successfully 
fought  and  our  crops  saved;  that  we  are  not  without  remedy,  but 
we  may  protect  our  crops  against  them  if  we  will  but  make  use  of 
the  means  within  our  reach.  *' 

The  conditions  of  success  here  noted,  "proper efforts,  concerted 
action,  and  vigorous  and  determined  warfare, ' '  have  never  yet 
been  applied  in  Minnesota.  The  truth  of  the  above  quotation,  is 
shown  by  the  fact  that  where  even  individuals,  contending*  not' 
only  against  the  locusts  hatched  about  them,  but  against  those 
which  the  concerted  action  of  their  neighbors  should  have  ren- 
dered harmless,  have  defended  their  crops  with  perseverance  and 
determination  through  a  whole  season,  they  have  in  the  end  re- 
ceived a  return  which  justified  both  their  usual  and  their  extra 
labor.  Even  the  most  petty  means  of  defence,  if  kept  up  per- 
sistently through  a  whole  spring,  will  often  effect  a  saving  of  a 
considerable  portion  of  the  crop.  The  town  of  Lime,  in  Blue 
Earth  county,  one-half  of  a  government  town,  in  1875  turned  out 
its  whole  population  to  battle  with  the  young  locusts  with  brooms, 
switches,  and  every  weapon  they  could  lay  hands  on,  and  returned 
an  average  crop  of  12  2-3.  bushels  of  wheat,  36  bushels  of  oats, 
and  36  bushels  of  corn  to  the  acre.  The  town  reported  no  dam- 
age from  locusts,  and  the  return  was  about  the  average  crop  for 
the  whole  county,  and  a  fair  yield. 

Charles  Pelzel,  of  Milford,  Brown  county,  by  spreading  tar  over 
strips  of  building  paper,  and  placing  these  along  the  sides  of  his 
fields,  saved  most  of  his  crop,  while  those  of  his  neighbors  were 
badly  damaged.  The  paper  was  re-spread  with  tar  as  often  as  it 
became  covered  with  young  locusts.  On  25  acres  of  wheat  he  saved 
223  bushels,  and  on  eight  acres  of  oats  400  bushels.  All  this  was 
at  a  cost  of  $3  for  tar. 

Mr.  N.  V.  McDowell,  of  Bigelow,  Nobles  county,  who  has 
fought  the  locusts  persistently  ever  since  they  came  in  1873,  by  10 
days'  extra  labor  in  hauling  and  burning  straw,  saved  a  fair  crop 
on  55  out  of  70  acres  cultivated,  but  his  exertions  were  rendered 
useless  by  the  raids  of  July  and  August.  Even  after  these  he  was 
able  to  harvest  five  bushels  of  wheat  to  the  acre  on  early  sowing. 

The  only  crop  of  small  grain  harvested  in  the  town  of  Holly, 
Murray  county,  this  year,  was  by  Mr.  J.  M.  King.     He  writes: 

**  I  pat  in  abont  50  days'  labor  for  one  man.  I  caught  100  bushels  in  my 
net,  and  destroyed  an  many  more  by  scattering  straw  over  their  hatching 
grounds  and  burning  them.  I  also  put  to  flight  swarms  and  drones  of  them 
after  they  began  to  fly  by  use  of  bags  nailed  on  to  from  25  to  50  feet  of  pole 
or  board,  with  which  I  trailed  back  and  forth  across  my  flelds,  at  times 
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driving  them  like  sheep,  and  at  other  times  not  making  mnch  impression. 
I  saved  450  bushels  of  wheat  from  52  acres,  bat  firmly  believe  that  if  we  had 
had  a  favorable  season,  the  hoppers  would  have  hart  it  but  little ;  but  the 
dry  weather,  coming  as  it  did,  seemed  to  kill  it/' 

The  following  experience  is  also  worthy  of  being  recorded  : 

**Mr.S.  W.  Danforth,  of  Madelia,  Watonwan  county,  after  having  once  re- 
solved  (in  1874)  that  he  would  put  in  no  crop  whatever  should  the  locusts 
deposit  eggs  on  his  farm  a  second  time,  resolved  once  more  in  1876  that  he 
would  determine  whether  he  or  the  locusts  should  be  master  of  his  farm. 
On  the  north  side  of  his  wheat  field  was  a  prairie  ridge  where  the  locusts 
hatched  in  the  spring.  These,  while  very  young,  began  to  come  into  the 
field  on  the  north,  and  had  reached  it  before  being  discovered.  He  began  by 
burning  them  with  straw  on  the  edge  of  the  field  and  on  the  acUoining  prai- 
rie, constructing  a  ditch  along  the  side  of  the  field  at  the  same  time. 
Smaller  ditches  were  also  made  inside  the  field  to  stop  those  which  had  al- 
ready entered.  When  young,  they  were  also  delayed  by  simply  harrowing 
over  the  soil  and  presenting  a  rough  surface  for  them  to  crawl  over.  Seven 
or  eight  days  were  spent  in  this  way,  and  after  the  ditch  was  finished,  ic 
turned  away  the  locusts  so  completely  that  the  work  was  considered  done, 
and  the  crop  saved.  On  the  western  edge  6f  his  field  was  a  strip  of  prairie 
grass,  40  rods  wide,  and  beyond  this  some  stubble  and  old  corn  grounds,  be- 
longing to  a  neighbor.  Here  the  locusts  hatched  out  abundantly.  About  a 
week  after  work  was  done  on  the  north  side  of  the  field,  these  had  crossed 
the  strip  of  prairie  and  entered  the  field  ftom  the  west  before  being  noticed. 
As  soon  as  they  were  discovered,  he  got  all  the  help  he  could  and  made  a 
ditch  as  fast  as  possible.  This  stopped  them  for  nearly  a  week,  and  then 
they  began  to  cross  it.  He  hitched  a  horse  to  a  plank  and  walked  him  up 
and  down  in  the  ditch,  and  this  turned  them  aside  for  a  while.  There  was 
a  cloudy  day  on  which  the  locusts  rested,  but  when  the  sun  came  out  they 
were  ravenous,  and  there  was  no  stopping  them.  They  crossed  the  ditch, 
and  filled  the  straw-fire  so  ftill  as  to  extinguish  it.  He  called  in  his  neigh- 
bors to  see  what  would  happen  to  them  it  the  locusts  were  allowed  to  keep 
on  in  their  course,  and  five  or  six  turned  out  with  teams,  hauling  straw. 
With  this  they  burned  over  a  strip  three  or  four  rods  wide  and  a  hundred 
rods  long,  along  the  edge  of  the  field.  But  in  spite  of  all  his  efforts,  the  lo- 
custs had  made  their  way  into  his  wheat,  and  by  this  time  he  had  finished  a 
catching-net.  The  next  day,  in  five  hours,  he  caught  from  15  to  20  bushels. 
This  was  continued  daily,  until  75  or  80  bushels  had  been  caught,  and  it  was 
not  necessary  to  use  it,  except  as  occasion  demanded  on  certain  days,  or  in 
certain  spots  where  the  locusts  were  thickest.  This  work  was  so  effectual 
that  there  should  have  been  (except  for  drouth)  a  fair  crop  of  wheat,  or  at 
least  half  a  crop  all  over  the  ftrm,  except  where  the  burning  was  done. 
This  demonstrates  the  possibility  of  one  farmer's  fighting  two  ftrmers*  lo- 
cu.<«t8.  an<I  still  saving  half  a  crop." 
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CATOHING-MACHIlirBS. 

Many  other  isolated  cases  of  persistent  and  partially  successful 
efforts  in  saving  crops  from  the  young  locusts  have  occurred  this 
year;  I  mention  these  because  they  have  been  reported  more  fully 
than  others.  It  also  shows  what  can  be  done  with  machines  in 
the  later  part  of  the  season,-  and  what  might  have  been  done  by 
attacking  the  locusts  in  their  hatching-grounds  instead  of  waiting 
for  them  to  approach  the  grain.  The  coming  spring  seems  likely 
to  test  what  can  be  done  with  catching-machines.  Not  only  are 
several  elaborate  ones  patented  or  prepared  for  use  when  the  time 
comesy  but  many  farmers  are  already  preparing  such  machines  after 
their  own  fashions.  To  those  who  are  deterred  by  cost  or  by  lack 
of  a  model,  it  should  be  said  that  an  efficient  machine  can  be  made 
at  a  cost  of  a  few  poles  or  strips  of  board,  a  pair  of  wheels,  a  few 
yards  of  stout  canvas,  and  just  sufficient  ingenuity  to  construct  a 
long,  open-mouthed  bag  to  run  over  the  fields  with  its  lower  edge 
near  the  ground,  and  running  back  in  the  rear  to  a  sack  to  contain 
the  locusts  that  are  caught.  Mr.  King's  net  was  such,  and  cap- 
tured from  two  to  eighteen  bushels  per  day,  depending  on  the  size 
and  age  of  the  locusts. 

Mr.  Danforth's  machine  consisted  of  two  wheels,  connected  by 
an  axle  20  feet  long  and  six  inches  in  diameter;  this  was  made  of 
a  stout  pole  obtained  from  the  woods,  and  it  was  necessary  that  it 
should  be  so  large  and  strong,  for  the  loads  of  young  locusts  cap- 
tured were  sometimes  so  heavy  as  to  bend  even  this  badly.  Across 
the  top  of  this  axle  two  poles,  of  about  the  same  diameter  as  the 
axle,  were  fastened,  running  back  nearly  to  a  V  some  eight  or  ten 
feet  behind  the  middle  of  the  axle,  and  extending  forward  and 
opening  out  in  front  of  it.  The  front  ends  of  this  V  was  steadied 
by  a  cross-piece.  This  was  the  frame-work.  The  net  was  made 
of  about  40  yards  of  cotton  cloth,  cone-shaped,  in  front  about  18 
feet  wide,  from  one  side  to  another  along  the  axle,  and  six  or  eight 
feet  high  from  the  ground  to  the  top  of  the  net.  This  net  nar- 
rowed back  about  seven  feet  until  it  was  some  five  or  six  feet  in 
diameter,  and  terminated  in  a  stout  canvas  bag  three  or  four  feet 
long,  closed  with  a  string  at  the  rear  end.  The  heavy  loads  of  lo- 
custs caught  (sometimes  500  pounds)  made  it  necessary  to  have  a 
support  for  the  net  and  bag,  and  for  this  purpose  a  triangular  floor - 
work  of  boards  was  made,  the  front  end  supported  from  the  axle, 
and  the  hind  end  from  the  hind  end  of  the  Y  poles,  and  running 
as  near  the  ground  as  possible.  The  lower  edge  of  the  net  in  front 
was  kept  close  to  the  ground  by  a  piece  of  light  scantling  fastened 
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to  the  edge  of  the  cloth,  and  rising  and  falling  over  uneven  sur- 
faces. The  horses  were  hitched  to  the  ends  of  the  axles,  outside  of 
the  wheels,  their  breasts  extending  forward  nearly  to  the  front  ends 
of  the  V  poles,  where  they  were  fastened  by  the  head.  The  net 
sloped  backward  at  the  top  in  front,  and  when  the  machine  was  in 
motion  a^man  stationed  on  the  axle  with  a  broom  gave  the  locusts 
as  they  entered  the  net  a  start  toward  the  rear  end.  Just  where 
the  cone  terminated  in  the  oblong  bag,  a  large  piece  of  canvas  had 
been  cut  out  and  wire  gauze  inserted,  and  the  locusts  moved  to- 
wards this  on  getting  into  the  net,  attracted  by  the  light.  The 
only  outlay  in  constructing  this  machine  was  for  the  40  yards  of 
cotton  cloth.  This  net  captured  from  eight  to  twelve  bushels  of 
pupee  per  day  when  first  used,  and  the  amount  diminished  daily 
till  the  24th  of  June,  when  about  two  bushels  were  taken. 

Mr.  Andrew  Webster,  of  Norseland,  Nicollet  county,  had,  in 
1875,  about  230  acres  of  wheat  sown.  The  locusts  began  to  hatch 
about  May  17th,  and  he  commenced  at  once  to  destroy  them  by 
burning  with  straw.  As  it  was  impossible  to  protect  the  whole  of 
his  crop  with  the  help  at  hand,  he  selected  a  field  of  fifty  acres  to 
defend,  and  burned  all  the  locusts  that  hatched  near  it.  This 
continued  until  June  11th,  when  the  straw  was  exhausted,  and  the 
locusts  had  begun  to  come  in  from  the  adjoining  fields.  Two 
catching-nets  were  then  rigged  up,  (of  the  usual  form,)  attached  to 
axles  fourteen  and  sixteen  feet  long,  each  drawn  by  one  horse 
moving  at  a  fast  trot.  The  amounts  caught  were :  From  June 
11th  to  17th,  (part  of  the  time  with  one  net,)  121  bushels  ;  with 
both  nets,  June  17th,  37  bushels ;  June  19th,  20  bushels ;  June 
21st,  77  bushels ;  June  22d,  63  bushels ;  June  23d,  45  bushels ; 
June  24th,  71  bushels ;  June  26th  to  28th,  128  bushels ;  June 
29th,  59  bushels ;  June  30th,  28  bushels ;  July  1st,  18  bushels, 
when  the  work  was  discontinued,  as  the  locusts  had  begun  to  fly, 
and  had  become  too  scattered  to  be  caught  easily.  The  catching 
was  done  along  the  edge  of  the  field,  and  between  the  hours  of  five 
and  ten  p.  m.  It  required  the  labor  of  four  men  and  four  horses 
during  these  hours.  The  whole  number  of  bushels  caught  was 
667,  and,  on  threshing,  658  bushels  of  wheat  were  harvested  from 
the  fifty  acres. 

DITCHIITG. 

The  experience  of  Minnesota  in  regard  to  ditching,  in  1875,  was 
so  successful,  and  so  strongly  and  fully  confirmed  by  the  testimony 
of  reliable  men,  that  the  experiment  should  have  seemed  worthy 
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of  a  more  extended  trial  than  it  has  received  this  year.  But  few 
ditches  have  been  dug,  but  these,  even  when  left  to  take  care  of 
themselves,  have  generally  served  as  a  barrier  during  the  earlier 
half  of  the  season.  A  ditch,  to  be  effectual,  needs  care  and  watch- 
ing ;  when  its  sides  have  been  washed  down  by  repeated  rains,  and 
it  becomes  a  mere  curved  surface,  it  is  a  very  slight  barriei;  indeed. 
The  time  and  trouble  of  constructing  such  ditches  as  these,  would 
be  spent  better  otherwise. 

CONTENDING  WITH  WINGED  LOCUSTS. 

Here  and  there  during  the  past  season  have  been  cases  of  one 
farmer  or  a  few  farmers  in  a  township  who  were  able  to  save  some 
portion  of"  their  crops  from  the  flying  swarms.  The  number  of 
cases  where  this  has  happened  is  in  some  twenty -five  or  thirty  out 
of  the  ^hole  number  of  towns  in  the  state  that  have  been  invaded. 
When  theire  has  been  any  success  at  all  it  has  generally  been  early 
in  the  season,  and  over  small  patches  of  garden  or  cornfields. 
There  are  towns  where  farmers  have  smudged,  roped,  discharged 
fire-arms,  and  rattled  tin  pans,  until  straw  stacks  and  patience 
were  exhausted;  and  all  to  no  avail.  Others  have  worked  hard 
smoking  and  roping  their  fields,  supposing  all  the  while  that  they 
were  accomplishing  something,  only  to  find  in  the  end  that  thev 
were  worse  off  than  neighbors  who  had  done  nothing.  Others, 
who  have  had  plenty  of  straw  at  hand,  have,  by  firing  it  at  just 
the  right  moment,  managed  to  save  a  field.  But  the  uselessness 
of  all  such  attempts  has  generally  been  too  apparent  to  encourage 
any  hope  of  even  a  chance  of  success. 

BURNIN^G  PRAIRIES. 

The  amount  of  help  which  may  be  received  from  burning  the 
grass  on  the  prairie  at  the  time  of  hatching,  seems  likely  to  be 
well  tested  next  year,  as  the  efforts  to  preserve  the  grass  have  so 
far  been  generally  successful.  The  exact  amount  of  help  that  can 
be  derived  from  a  general  burning  must  vary  much,  with  differing 
circumstances,  from  one  year  to  another,  and  the  opinions  as  to 
its  value  differ  greatly.  To  those  who  believe  that  the  whole 
region  of  uncultivated  prairie  in  the  western  part  of  the  state  is 
extensively  dotted  with  eggs,  nothing  could  seem  more  important 
than  a  general  preservation  of  the  grass,  difficult  or  impossible  as 
this  may  be.  There  is  no  question  whatever  as  to  the  value  ot 
preserving  it  in  all  cultivated  neighborhoods,  or  in  all  regions 
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that  are  interspersed  with  farms.  And  yet  even  in  these  it  is 
difficult  to  select  a  time  for  burning  which  will  not  allow  the 
escape  of  some  portions  of  those  already  hatched  or  of  those  still 
unhatched.  But  even  if  the  help  falls  a  great  deal  short  of  general 
destruction  it  is  still  a  help;  even  if  no  insects  are  hatched  on 
the  prairie  they  often  hop  away  in  large  numbers  oflf  the  bare 
fields  into  the  prairie  grass,  and  may  be  destroyed  in  large  quan- 
tities. In  addition  to  this,  where  the  grass  is  burned  late  in  the 
spring  it  gives  place  to  a  growth  of  young  and  tender  grass  which 
often  serves  to  entice  the  locusts  away  from  the  crops.  In  Wa- 
tonwan county  last  year  only  about  one  half  of  the  grass  was 
saved  through  to  May  or  June,  in  Cottonwood  county  less  than 
one  half,  in  Redwood,  Murray  and  Lyon  counties,  hardly  any. 
Wherever  it  was  fairly  tried  in  Cottonwood  county,  those  who 
had  charge  of  attending  to  the  preservation  and  firing  of  it  are 
strongly  convinced  that  efficient  service  was  rendered  by  it. 

PLOWING  AND  HABBOWING. 

The  prevention  of  the  eggs  from  hatching  by  deep  plowing  or 
by  surface  harrowing  has  been  urged  in  the  Report  of  the  Omaha 
Conference,  and  none  too  strongly.  While  there  is  much  differ- 
ence of  opinion  in  regard  to  deep  plowing,  there  is  strong  testi- 
mony to  show  that  where  the  eggs  are  turned  under  to  the  depth 
of  ten  inches  they  either  never  hatch  at  all,  or  come  forth  so  late 
as  to  be  incapable  of  harm,  appearing  sometimes  after  the  corn 
has  reached  the  height  of  three  or  four  feet,  sometimes  as  late  as 
the  end  of  August.  But  if  there  is  any  point  in  the  whole  subject 
where  opinions  seem  to  be  unanimous,  it  is  in  regard  to  the  value 
of  harrowing  up  the  eggs  in  the  fall,  and  exposing  them  to  the 
influence  of  weather,  birds  and  other  enemies.  In  this  connection 
the  general  harrowing  of  new  breaking  and  plowing  of  roadsides 
that  have  been  done  by  many  farmers,  or  by  townships,  cannot  fail 
to  be  of  benefit.  That  this  work  should  commence  in  our  climate 
as  soon  in  the  fall  as  there  is  any  assurance  that  the  egg-deposit  is 
ended,  is  evident  from  the  consideration  that  the  longer  the  ,egg  is 
exposed  to  the  above  mentioned  influences  the  more  sure  its  de- 
struction is  likely  to  become,  and  from  the  fact  that  in  many 
places  the  ground  became  frozen  before  the  work  of  harrowing 
was  nearly  finished. 

THE  NEED   BOTH  OF  STATE   AND  OF   INDIVIDUAL  EXERTION. 

It  will  be  fortunate  if  science  and  national  discovery  shall  finally 
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be  able  to  dispel  for  us  some  of  the  uncertainties  which  beset 
the  locust  problem  in  general.  It  is  the  doubt  in  regard  to  the 
future  and  the  fear  that  each  year  may  prove  more  disastrous  than 
its  predecessor,  that  give  the  evil  more  than  its  real  magnitude  and 
paralyze  hands  that  are  not  otherwise  accustomed  to  refuse  labor. 
To  simplify  the  conditions  of  the  problem  as  far  as  possible,  to 
determine  how  far  the  goings  and  comings  of  a  fitful  insect  hurry- 
ing destructively  over  thousands  of  miles  of  grain  fields,  and 
sowing  everywhere  the  seeds  of  future  devastation,  may  be  fore- 
seen or  prevented,  is  an  object  worthy  of  the  highest  science  and 
the  most  liberal  enterprise.  But  the  help  that  can  come  from 
any  such  source  must  necessarily  be  long  in  action  and  slow  in 
results.  With  all  our  uncertainties,  we  have  one  certainty  before 
us  in  the  inmiediate  future;  it  is  that  of  a  great  and  wide  spread 
injury  which  only  prompt,  efficient,  concerted  and  continued 
efiFort  can  remedy.  We  cannot  offer  to  do  less  than  to  render  at 
once  by  ourselves  and  to  ourselves  a  portion  of  that  help  which 
we  ask  a  broader  knowledge  and  enlarged  means  to  render  unnec- 
essary in  the  future.  The  state  of  Minnesota  has  already  taken 
the  lead  in  the  proposal  of  a  conference  upon  the  locust  subject, 
which,  if  the  results  correspond  in  any  fair  measure  to  the  objects 
proposed,  will  end  in  more  definite  knowledge  and  more  efficient 
action  throughout  all  the  region  that  has  been  overrun  for  so  many 
years.  The  state  may  fitly  supplement  the  action  of  the  confer- 
ence by  determining  once  for  all  just  what  can  be  done  with  the 
evil  when,  it  has  taken  root  here.  It  is  no  longer  a  question  that 
that  is  a  state  matter  which  concerns  more  or  less  intimately  forty- 
four  out  of  seventy-one  counties. 

But  the  matter  does  not  end  with  the  state.  After  all  that  can 
be  done  by  legislation,  success  depends  purely  upon  how  much 
each  man  is  willing  to  do  with  his  own  hands.  Without  united 
effort  to  meet  the  evil  wherever  it  occurs,  and  with  every  means 
or  instrument  that  lie  at  our  disposal,  without  a  determination  to 
plow  and  sow  and  defend,  each  and  every  man  on  his  own  domain, 
nothing  will  be  done  that  is  worth  legislating  about.  No  effort  is 
worth  securing  that  does  not  recognize  the  need  of  the  broadest 
possible  exertion,  or  offer  the  largest  possible  assurance  of  ultimate 
success. 

BOUNTY. 

The  conference  at  Omaha,  while  recognizing  the  necessity  for 
united  action,  both  of  the  state  and  of  every  individual  through- 
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out  the  present  infested  regions,  resolved  "  That  it  will  be  wise 
and  politic  for  the  legislatures  of  each  of  the  states  and  territories 
most  deeply  interested  in  the  locust  question,  to  enact  a  state 
bounty  law,"  etc.  As* there  is  in  the  minds  of  many  a  grave 
doubt  as  to  the  expediency  of  oflFering  any  bounty  at  all  which- 
shall  take  the  form  of  a  specified  amount  to  be  paid  per  bushel  for 
locusts,  and  as  it  will  be  difficult  to  enact  any  law  which  shall 
be  equally  adapted  to  the  thickly  settled  counties  and  the  thinly 
settled  frontier,  I  have  included  in  circulars  to  the  different  towns 
the  question,  "  If  a  bounty  were  offered  in  your  township,  next 
spring,  for  the  destruction  of  locusts,  could  it  be  made  to  any 
extent  successful  in  saving  crops  ?"  and  "  How  small  a  price  "per 
bushel  would  accomplish  the  purpose?"  The  farmers  ought  to 
know  at  least  as  well  as  any  one  the  capabilities  of  their  own 
communities,  and  it  is  some  proof  of  the  sincerity  with  which  they 
have  made  their  replies,  that  in  counties  where  the  locust  is  com- 
paratively unknown,  it  is  answered  that  they  are  unable  to  give 
an  opinion ;  in  the  sparsely  settled  counties,  the  fear  is  often 
strongly  expressed  that  such  a  bounty  would  be  useless  for  the 
purpose  stated  ;  while  in  those  counties  where  the  locusts  have 
hatched  of  late  years  or  where  the  bounty  system  has  already  been 
applied,  it  id  considered  that  a  bounty  per  bushel  would  undoubt- 
edly accomplish  the  object  named.  The  amount  is  generally  placed 
at  one  dollar  per  bushel,  seldom  more,  and  often  one-third  or  one- 
fourth  of  that  amount ;  and  while  one  dollar  per  bushel  might  be 
none  too  great  a  price  per  bushel  for  locusts  immediately  after 
hatching,  it  is  certain  that  in  a  very  few  days  a  much  smaller 
amount  would  more  than  equal  it. 

By  referring  to  the  experience  of  Mr.  Andrew  Webster,  already 
given,  it  will  be  seen  that  from  the  11th  of  June  to  the  first  of 
July,  even  ten  cents  per  bushel  would  have  been  a  paying  bounty, 
when  added  to  the  crop  that  was  saved  by  the  exertions  made  in 
catching.  With  the  improved  machines  and  contrivances  for  cap- 
turing that  are  being  brought  forward  at  this  date  (Jan.  30,  1877) 
it  is  certain  that  the  state  need  not  offer  a  larger  bounty,  at  the 
utmost,  than  ten  cents  per  bushel  after  the  tenth  of  June.  If  the 
locusts  exist  in  sufficient  numbers  to  do  great  injury  after  that 
date,  a  few  cents  per  bushel  added  by  counties,  or  by  towns,  to  the 
amount  given  above,  will  make  a  bounty  that  will  amply  repay  la- 
bor, to  say  nothing  of  the  saving  in  crops.  It  would  be  also  an 
improvement,  both  in  convenience  and  exactness,  if  a  bounty  were 
offered  per  pound,  instead  of  per  bushel.  It  is  no  pleasant  matter 
to  measure  a  few  bushels  of  locusts  that  have  been  standing  for  a 
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day  or  Wo  under  a  hot  June  sun,  and  the  hurry  of  an  unpleasant 
task  may  be  a  cause  of  inaccuracy  in  measurement;  but  the  meas- 
ure in  pounds  of  almost  any  quantity  of  dead  locusts  can  be  ob- 
tained at  once,  with  ease  and  accuracy. 

CONOLUSION, 

In  conclusion  it  remains  to  thank  the  many  persons,  both  known 
and  unknown  to  me,  who  have  so  kindly  replied  to  my  circulars 
and  letters  of  inquiry  during  the  season.  The  writers  are  so 
many  that  it  is  impossible  to  name  them,  but  they  have  helped 
greatly  to  give  this  report  whatever  value  it  may  have.  This 
value  must  necessarily  appear  different  to  different  readers  ;  many 
will  miss  what  they  expected  to  find,  or  find  what  may  appear  of 
comparative  little  value.  But  I  have  endeavored  to  compile  from 
all  available  sources  what  might  be  of  benefit  to  our  citizens  and 
at  the  same  time  worthy  of  appearance  in  a  report  upon  the  Nat- 
ural History  of  the  State ;  I  have  tried  to  show  not  only  the 
requirements  of  the  present  year  in  meeting  the  locust  evil  as  we 
find  it  upon  us  now,  but  also  the  connection  between  one  year 
and  another.  But  whatever  the  value  of  the  report  may  be,  the 
State  should  provide  fitting  means  for  the  continuance  of  similar 
(or  better)  efforts  during  the  year  1877.  Not  only  is  an  enterprise 
of  this  sort,  if  properly  conducted,  always  a  worthy  one  in  any 
State  which  labors  under  an  evil  of  such  magnitude,  but  the  help 
which  a  national  commission  may  derive  from  assistants  acting 
under  its  direction  in  every  one  of  the  States  now  infested  may 
be  of  great  value,  and  will  help  to  bring  completeness  to  a  task 
which  any  commission  will  find  too  widely  extended  to  reach  with 
personal  observation.  There  is  no  need  to  regret  the  trifling 
sums  which  have  so  far  been  expended  upon  "grasshopper  inves- 
tigations," nor  to  begrudge  the  few  hundred  dollars  that  will 
enable  us  to  do  what  little  we  can  in  aid  of  that  scientific  inquiry 
for  which  we  now  ask  of  the  National  Government  competent 
maintenance  and  the  best  learning  that  America  can  supply. 
Respectftilly  submitted. 

Allen  Whitman. 
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VIII. 

THE  GEOLOGY  OF  HENNEPIN  COUNTY. 


Situation  and  Area. 


Hennepin  county  lies  west  of  the  Mississippi  river,  and  in  tlie 
angle  formed  by  the  Minnesota  and  the  Mississippi.  It  extends 
thirty  miles  north  and  south  and  about  the  same  distance  east  and 
west,  but  its  form  is  more  that  of  a  square  with  rounded  comers. 
Its  aggregate  area  is  854,904.  96  acres,  as  follows,  by  towns.  This 
tabulated  statement  was  furnished  by  Mr.  F.  E.  Snow,  under  the 
direction  of  Sur.Oen.  J.  H.  Baker,  St.  Paul. 
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Surveying  Statistici  of  Hennepin  County,  Minnesota. 
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118 
118 
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TOWNSHIP  LIKSS. 


When  Sarveyed. 


AW. 

B.  8.  W. 
AW. 
B.  W., 
B.  8.  W. 
A  B. 
B.  8.  W. 

AW. 


W. 


AW. 

A  B.  Fnc*l 

8.  W. 

8.  W. 

AW. 

B.W. 

B.  W. 

E.W. 
B.  8.  W. 
B.  8.  W. 

E.W. 


B.W. 

B.  8.  W. 

E.  8.  W. 
8.  B.  W. 
B. 
8.  AW. 


B.S. 
8.B. 
A  8. 


July,  1868. 

Ocr.,  1847. 

July,  1853. 

July,  1S63. 

July,  1863. 

Oct.,  1847. 

Joly,  1868. 

July   185S. 

8ept.,  1854. 

Jnly,  1853. 

Oct.,  1858. 

8ept.,  Nov.,  1854. 

Jaly,  1863. 

Oct.,  1863. 

Nov.,  1864. 

July,  1868. 

May,  1866. 

May,  1866. 

May,  1856. 

Sept.  Oct.  Nov.,  1864. 

Oct.,  1863. 

Nov.,  1864. 

Oct.,  1868. 

Nov.,  1864. 

May,  1865. 

May,  1866. 

Oct,  1863. 

May,  1865. 

Oct..  1863. 

May,  1865. 

Oct.,  1863. 

Nov.,  1864. 

May,  1866 

May,  1866. 

May,  1655. 

Jane,  1866. 

Oct.,  1863. 

Dec.  1854. 

May,  1866. 

Oct.,  1858. 

May,  1866. 

May,  1866. 

May,  1866. 


Ancast,  1853. 
Oct.  Nov.,  1847. 
JiUy,  1853. 
Aagaat,  1863. 
Aogiut.  1853. 
Nov.,  1847. 
Jaly,  Aug.,  1863. 
Sept ,  1864. 


•UBDIVUIOXt. 


When  8arveyed 


OctV,  1864*.' 

8,674.30 

Nov.,  1854. 

9,664.96 

Oct.,  1866. 

13,664.26 

Jaly,  1866. 
Jaly,  1865. 
Oct.,  1854. 
Oct.,  1854. 
Oct.  Nov.,  1854. 
Nov.,  1864. 


Angaftt,1866. 
Sept.,  1865. 
Sept.,  1856. 


Sept.,  1856. 


Nov.,  1864. 


Joly,  1866. 
June,JaIy,  1866, 
Oct.,  1856. 
July,  1865. 
Jane,  1S56. 


Jane,  1866. 


June,  1866. 
Oct.,  1866. 


Acree. 


1,801.67 

8.126.94 

434  02 

14,261  79 

19,671  79 

6,674.58 
16,268.73 

1,374.76 


20,274.69 

8,871.20 

63.95 

19.769.41 


21,8n.28 


Benurks. 


Frac'l  Ft.  Snell.  Res'n. 
It  t«  .« 

Bast  of  MUa.  River. 
West  of  Miss.  River. 
FracU  Minn.R.  A  Res'n 
Frac'l  Ft  SneU.  Res^n. 
Bast  of  Miss.  River. 
West  of  Miu.  River. 
Frae*l  Minn.  River. 

Frac'l  Bal.  4ih  P.  M. 


Fnc*lBal.4thP.M. 


FracUBal.4thP.M. 

Frac'l  Miss.  River. 
Prac'l  Miss.  River. 
Frac*l  Minn.  River. 
FracU  Minn.  River. 


2l.^i:l;i  i?6  [A  Crow  Rivers. 

16 .  >2:^  03 ,  Estimated  FracU  Mies. 

[A  Crow  Rivera. 

.m.m  Estimated  Fracl  Miss. 


l£,aia.^ 


21.JHKf.2a 
ie.&3^.^ 

lti,7'J<.00 


21,468.03 


13,841.64 
444.60 


Bst*d  FracU  Crew  Rlv. 

t»  ««  ««  «4 

Bst*d  FracU  Crow  Qiv. 
Est'dFraenCrowRiv. 


Total  sarveyed  area. 


.847,928.90  acres. 


The  following  is  the  area  of  the  imsurveyed  portion  of  the  Fort 
Snelling  Reservation,  as  estimated  by  Mr.  F.  E.  Snow: 

Tp.  27,  Range  23 760.00  acres. 

Tp.  27,  Range  24 464.44  acres. 

Tp.  28,  Range  28 4,834.24  acres. 

Tp.  28,  Range  24 1,417.88  acres. 

Total 6,976  06  acres. 


Natural  Di'ainage. 
Nearly  three-fourths  of  the  boundary  of  this  county  is  formed 
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by  rivers.  The  Mississippi  is  along  the  northeast,  the  Minnesota 
is  along  the  south  and  southeast,  and  Crow  river  runs  along  the 
northwest.  It  has  numerous  lakes  of  clear  water,  and  small 
streams  that  flow  from  the  central  or  southwestern  portions  out* 
ward,  in  nearly  all  directions,  but  no  large  streams  enter  the 
county,  except  where  the  Mississippi  intersects  the  city  of  Minne- 
apolis. Lake  Minnetonka  is  a  large  and  irregular  expanse  of 
water,  in  the  southwestern  part  of  the  county,  with  high  shores 
and  knolls  of  drift  on  all  sides,  navigable  for  small  steamers  of 
which  there  are  already  five  on  the  lake.  The  frequency  of  lakes, 
throughout  the  county  is  one  of  its  most  noticeable  features.  They 
ture  generally  surrounded  by  high  drift  hills,  and  have  deep  water, 
and  gravelly  shores.  Steamers  ply  on  the  Mississippi  above 
the  Falls  of  St.  Anthony,  and  also  below,  though  the  rapids  below 
the  Falls,  extending  about  a  mile,  and  the  rapids  at  Meeker's  Island^ 
about  three  miles  below  the  Falls,  prevent  the  general  navigation 
of  the  river  within  the  limits  of  the  county.  The  Minnesota 
river  is  also  navigable  throughout  its  extent  in  Hennepin  county. 
In  the  north  central  portion  of  the  county  are  several  extensive 
marshes,  about  the  headwaters  of  some  of  the  streams  running 
north,  and  extending  along  their  valleys. 

The  Surface  Features. 

The  most  of  the  county  has  an  undulating  or  rolling  drift  sur- 
face, and  a  nearly  level  general  conto^.  The  Mississippi  river  has 
modified  the  drift  in  a  wide  belt  of  country  along  both  sides,  but 
especially  on  the  west  side,  within  Hennepin  county,  making^the 
surface  nearly  flat,  with  a  lighter,  or  more  sandy  soil.  This  belt 
of  fiat  land,  on  the  west  side,  is  markedly  set  off  from  the  rolling 
portion  of  the  county  by  a  line  which  nearly  coincides,  through 
Dayton,  Champlin  and  Brooklyn,  with  the  supposed  boundary 
line  between  the  St.  Peter  sandstone  and  the  lower  magnesian 
formation.  In  the  northern  part  of  Crystal  Lake  this  line  changes 
its  direction,  and  approaches  rapidly  toward  the  river,  entering 
the  corporate  limits  of  the  city  of  Minneapolis  in  Sec.  16.  It 
then  strikes  nearly  south,  running  along  the  west  side  of  Lakes 
Calhoun  and  Harriet;  then  east  toward  the  river,  keeping  on  the 
east  of  Lakes  Amelia  and  Mother,  after  passing  which  it  strikes 
rapidly  toward  the  west  and  southwest  to  Sec.  33,  in  Richfield  town- 
ship, when  it  turns' nearly  south;  and  in  Sec.  16,  Bloomington,  it 
coalesces  with  %  similar  line  which  follows  the  Minnesota  river. 
The  belt  of  land  thus  set  off,  is  generally  flat  and  often  sandy  or 
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gravelly  with  only  an  occasional  knoll  of  hardpan  drift.  At  some 
depth  below  the  surface  the  hardpan  drift  is  uniformly  met  with 
in  all  excavations.  This  fiat  tract  is,  in  its  widest  parts,  six 
miles  across  from  east  to  west.  The  narrowest  point  is  in  N. 
Minneapolis  where  it  is  less  than  a  nlile  across.  A  similar  fiat 
belt  runs  along  the  east  side  of  the  river  in  Anoka  and  Ramsey 
counties.  This  land  is  at  the  present  time  never  reached  by  even 
the  highest  freshet  stage  of  tiie  river.  There  is  tcUhin  the  fiat 
tracts  along  the  river,  a  fiood-plain  level,  subject  to  annual  over- 
fiow.  If  ever  the  river  operated  over  this  belt  so  as  to  a£Fect  its 
topography,  it  must  have  been  at  a  time  when  it  was  of  vastly 
greater  volume  than  at  present,  and  probably  during  the  period  of 
recession  of  the  ice  of  the  last  glacial  epoch,  and  while  the  mate' 
rial  of  the  drift  was  itself  being  deposited.  This  tract  is  underlain 
in  some  places  by  a  laminated  clay,  which,  when  burned  for  brick, 
makes  the  well-known  "Milwaukee  brick"  which  are  of  alight 
bulf  or  cream  color. 

The  eleyation  of  the  county  above  the  ocean  is,  perhaps  on  an 
average,  about  one  thousand  feet. '  The  following  points  have 
been  determined. 

Elevations  in  Hennepin  County. 

AbOYO  th«  Ocean. 

St.  Anthony  Janction,  St.  P.  &  P.  R.  B S29    feet. 

Mississippi  (low  water)  at  Nicollet  Island 791    feet. 

Minneapolis  Janction,  St.  P.  &P.R.  U 821    ftet. 

Mississippi  (low  water;,  half  a  mte  below  St.  Anthony  Falls. .  7lU  feet. 

Self 8  Lake  (water),  St.  P.  &  P.  R.  R 842    feet. 

Wayzata  Station,  St.  P.  &  P.  R.  R 922   feet 

Lake.Minnetonka  (water) 918   ftet. 

Long  Lake  Station,  St.  P.  A  P.  R.  R • 940   feet 

▲noka,  (opposite  Champlin,)  St.  P.  &  P.  R.  R 869   feet. 

Minneapolis  Depot,  M.  &  St.  P.  R.  R 816   feet. 

Minnehaha  Creek,  (bottom,)  M.  &  St.  P.  R.  R. 792   feet. 

Minnehaha  Creek,  grade  of  M.  &  St.  P.  R.  R 806   feet. 

Minnehaha  Station,  M.  &  St.  P.  R.  R 802    feet. 

FortSnelling  Station,  M.  &  St.  P.  R.  R 712}  feet. 

Bottom  of  Minnesota  river,  at  crossing  of  M.  &  St.  P.  R.  R .  •  •  •  668   feet. 

Bridge  at  crossing  of  Minn.  R.  at  Ft.  Snelllng,  M.  &  St.  P.  R.  R.  708i  feet. 

Elevations  on  the  Minneapolis  dt  St.  Louis  B.  R. 

FU&NISHBD  BY  COL.  J.  B.  ChOVQU, 

ClMi  from  HioAMpolit.]  «    AbOT«  the  OcMB. 

Crossing  of  St.  P.  &  P.  B.  R.,  near  St.  Anthony  Janction.  ••«.••      828  feet. 
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140  *'  stations  "  east  of  crossing,*  (cut  of  7  feet,) 

220  *'  stations  "  east  of  crossing,  (cat  of  16  feet,) 

240  "  stations  "  east  of  crossing,  (track,)  Robinson  L 

240  **  stations  "  east  of  crossing,  water  surface,  Robinson  L. 

265  <*  stations  "  east  of  crossing,  (cut  of  7  feet) 

800  '<  stations  "  east  of  crossing,  (track,)  Bennett  L 

800  "  stations  "  east  of  crossing,  water  sarface,  Bennett  L.. 

800  *'  stations  "  east  of  crossing,  bottom,  Bennett  L 

808  '<  staitons  "  east  of  crossing,  clay  ridge,  (cut  20  foet,) . .  • . . 

SBO  "  stations  "  east  of  crossing,  track,  (cat  18  feet,) 

405  *<  stations  "  east  of  crossing,  track  at  O  wassa  L 

405  <*  stations  **  east  of  crossing,  bottom  0 wassa  L 

405  ^*  stations  "  east  of  crossing,  water  sarface  O wassa  L. . . . 

415  '<  stations  **  east  of  crossing,  track,  (cat  17  flset,) 

Tamarack  Swamp,  {*'  no  bottom,")  track 


•J 


988  feet. 
918  ftet. 
906  feet. 
898  feet. 
917  feet 
885  feet. 
888  feet. 
868  feet. 
888  feet. 
897  feet. 
888  feet. 
871  feet. 
878  feet. 
897  feet. 
878  feet. 


[Nora.— This  swamp  seems  to  consist  of  a  mass  of  floating 
peat,  grass*roots,  &c.,  supporting  small  tamarack  trees. 
Three  piles  were  drlren  (spliced),  each  60  feet  long,  making 
180  feet,  without  reaching  solid  foondation.  The  track  was 
then  supported  on  a  raft  consisting  of  logs,  slabs  and  brash 
thrown  on  the  snrfoce,  and  remains  so  still.] 

465  **  stations  "east  of  crossing,  track ' 

465  '* stations"  east  of  crossing,  water,  (80  ft.  piles  driyen).  •• 
600  *'  stations  "  east  of  crossing,  track,  (ground  on  either  side 

80-50  feet  higher) 

650  **  stations  "  east  of  crossing.  White  Bear  flats 

670  '* stations"  east  of  crossing,  Jane,  of  L.  8.  &  M.  R.  R.. .. 
White  Bear  Lake,  (water,)  cannot  be  for  ftom • 

[NoTB.— The  depot  at  White  Bear  may  be  six  or  ten  feet  higher 

than  the  grade  at  this  Junction.] 

[Sontli  Arom  Hianaapolis.] 
Minneapolis  &  St.  Louis  Depot,  Minneapolis,  cor.  2d  street  and 

4th  ayenue 

Crossing  of  Hennepin  ayenue,  fDOt  of  Bridge  street,  at  the  old 

suspension  bridge 

St.  Paul  &  Pacific  Depot,  Minneapolis 

fThe  line,  to  Cedar  Lake,  follows  the  valley  of  Basset's  creek."] 

Cedar  Lake,  (track) 

Cedar  Lake,  (water  surfoce) 

Bass  Lake,  (track) 

Bass  Lake,  (water  surfkce) 

DlYide  between  Bass  Lake  and  Minnehaha  creek 

Diyide  between  Bass  Lake  and  Minnehaha  creek,  (nat.  sur.).... 

Marsh  at  Minnehaha  creek,  (track) 

Marsh  at  Minnehaha  creek,  (surface  of  marsh) •  • .  •  • 


878 
869 

g  981 

(g  928 

917 

918 


feet, 
feet. 

feet, 
feet, 
fe^t. 
feet. 


816  feet. 


808  feet. 

821  feet. 

855  feet. 

852  feet. 

876  feet. 

868  feet. 

908  feet. 

920  feet. 

885  feet. 

880  feet. 

«  On«  "  •tation  "  eqttalB  o&«  taandrwl  t—%. 
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Crossing  of  Minnehaha  creek,  (track) • 897  feet. 

Crossing  of  Minnehaha  creek,  (water) m*.*  885  feet. 

Divide  east  of  Hopkins  Station,  (cot  14  feet) 918  feet. 

Divide  between  Hopkins  Station  and  Shady  Oak,  (cot  18  feet)...  901  feet. 

Shady  OakLake,  (track) 900  feet. 

Shady  Oak  Lake,  (water  surface) 8^8  feet. 

[Piles  were  here  driven  78  feet,  to  a  hard  bottom,  which  now 
support  i^e  track;  Water  30  feet;  the  rest  mud,  **or  something 
else."  Soundings  at  first  indicated  but  20  feet  of  water;  but  in 
filling,  the  bank  settled  at  least  40  feet  farther ;  after  two  months' 
work  at  filling,  with  little  visible  progress,  the  builders  had  to 
resort  to  pile-driving.] 

MadLake,  (track) 898  feet. 

Mud  Lake,  (water) 890  feet. 

LBoUlng  Surface.] 

Elevation  between  Mud  Lake  and  Qlen  Lake  marsh,  (cut  8  feet).  918  feet. 

Glen  Lake  marsh,  (track) 898  feet. 

Glen  Lake,  (surfibce  of  marsh) 895  feet. 

[  At  Glen  Lake  marsh,  after  the  track  was  built  it  sank,  and 
was  entirely  lost,  a  lake  being  formed.  Then  piles  were  resorted 
to»  with  a  depth  of  50  feet,  for  a  distance  of  250  feet.] 

Divide  1,000  feet  west  of  Glen  Lake  marsh,  (cut  18  feet) 908  feet. 

Boiling  descent  to^ 

Island  Lake,  (track) 898  feet. 

Island  Lake,  (water  surface) 881  feet. 

Divide  1,000  feet  west  of  Island  Lake,  (track ;  no  cut) 908  feet. 

[On  the  east  side  of  the  line  hills  rise  76  or  100  feet  higher, 
the  road  running  tlirough  a  gap ;  on  the  west  side  hills  rise  80 
or  40  feet.  At  1,500  feet  fhrther  south  the  road  passed  through 
a  ridge  of  gravel  and  red  clay  (mixed)  in  which  was  found  a 
piece  of  native  copper  weighing  78  pounds.  This  was  a  cut  of 
80  feet.] 

Purgatory  creek  crossing,  (track) 844  feet. 

Purgatory  creek  crossing,  (ground) ..  • 828  feet. 

Purgatory  creek  crossing,  (bottom) 820  feet. 

[Piles  were  driven  here  36  feet  without  finding  a  hard  bottom] 

Bden  Prairie  Station,  (Sfeetcut) 878  feet. 

Divide  between  Eden  Prairie  Station  and  Lake  Bradford,  (cut  8  ft.)  891  feet. 

Lake  Bradford,  (track) • 868  feet. 

Lake  Bradford,  (water) • •••  855  feet. 

Elevation  at  county  line,  (Hennepin  and  Carver ;  track) .  •  • 865  feet. 

Elevation  at  county  line,  Hennepin  and  Carver,  (Nat.  Snrfe^ce)..  895  feet. 

[At  1,000  feet  west  of  the  county  line  is  a  cut  of  40  feet] 

Bavine  2,000  feet  west  of  last  cut,  (track) 886  feeU 


Digitized  by 


Google 


BUBYET  OF  MINNESOTA.  137 

[Trestle  work  is  built  here  75  fset  high,  and  460  ftet  long; 
stiff  clay  on  the  west  side  of  the  ravine  and  sand  on  the  east 
side.  Sadden  changes  occur  in  the  drift  lo  going  down  to  the 
Minnesota  T^lley.] 

One  mile  ftirlher  on,  ravine,  (track) 791  feet. 

One  mile  farther  on,  ravine,  (bottom) *..• •••.      786  feet. 

Foot  of  the  Minnesota  river  blnflb,  near  Chaska • 748  ftet. 

[Then  comes  a  qnakibg,  or  peaty,  marsh  for  8,000  feet  J 

Crossing  of  Hastings  and  Dakota  B.  R.,  Chaska 716  feet. 

Carver  Station,  (18  feet  fill) 710  feet. 

Minnesota  river  crossing,  (track) 716  feet* 

Bottonof  Minnesota  river,  (Carver) 678  feet. 

Water  in  Minnesota  liver,  (Carver) »...« 688  feetr 

Sionx  City  Junction 758  feet. 

Description  of  the  towns  of  Hennepin  county. 

In  the  following  notes  on  the  various  towns  of  the  county  the 
magnetic  variation  given  is  that  recorded  by  the  U.  S.  Surveyors 
on  the  township  plats: 

Towns  27  akd  28,  R.  23  W.  of  4th  Peik.  Meb.    (Fractional)  E, 
parts  o/ Richfield  and  Minneapolis. 

These  embrace  the  bluffs  of  the  Mississippi  and  Minnesota 
rivers  south  of  Minneapolis,  and  a  narrow  strip  of  level  ^d  prai- 
rie land  along  the  west  side  of  those  rivers  above  the  point  of  their 
confluence,  not  exceeding  two  miles  in  width. 

T.  29,  R.  23  W.  OP  4th  Prin.  Meb.    (Fractional.)  E.  paH  of  St^ 

Anthony. 

This  is  a  belt  of  one  mile  wide  embracing  six  sections,  and  lies 
mostly  on  the  east  side  of  the  Missitsippi  river.  It  is  all  included 
within  the  prairie  land  that  characterizes  the  Mississippi  valley, 
except  about  a  mile  square  in  its  northern  portion,  which  is  roll* 
ing  and  wooded. 

T.  27,  R.  24  W.  OP  4th  Prin.  Mer.  (iV.  of  the  Minnesota.)    E. 
part  of  Bloomington. 

By  far  the  larger  portion  of  this  town  is  prairie,  lying  in  the 
northeastern  portion.    Along  the  southern  side  the  bluffs  of  the 
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.Minnesota  river  are  rarely  rocky,  bnt  usually  turfed  and  frequently 
timbered.  The  bottom  lands  sometimes  embrace  large  water  areas, 
and  are  very  wide,  the  blu£Es  running  from  one-half  mile  to  a 
mile  from  the  river  channel.  The  timber  is  generally  light,  except 
a  small  area  in  the  northwest  corner  of  the  town.  The  town  has 
several  small  lakes  in  the  uplands. 

T.  28,  R.  24  W.  OP  4th  Pein.  Mbr.    Centred,  part  of  Richfikij> 
and  northern  part  of  Minneapolis. 

The  central  and  northern  portions  of  this  town  are  rolling,  and 
contain  numerous  lakes,  such  as  Wood,  Grass,  Mother,  Amelia, 
Calhoun,  Harriet,  Diamond,  Pearl,  Rice,  Duck  and  Mud.  This 
rolling  tract  is  crossed  by  Brown  Greek  (now  known  as  Minnehaha 
Oreek).  Toward  the  northeast  and  southeast  are  patches  of  level 
prairie. 

T.  29  K,  R.  24  W.  of  6th  Pbin.  Mbb.    E.  part  o/ Minneapolis. 

This  town  embraces  the  city  of  Minneapolis,  on  both  sides  of 
the  river,  and  the  Falls  of  St.  Anthony.  The  largest  part  of  the 
town  is  flat,  and  the  southeastern  portion  contains  prairie  belts, 
particularly  on  the  west  side  of  the  Mississippi  river,  within  the 
ancient  drift  bluffs  of  the  river.  The  western  portions,  and  a 
small  area  in  sees.  1  and  12,  are  rolling  and  timbered,  with  lakes. 
There  are  also  small  areas  of  swamp,  the  largest  being  east  of  the 
Mississippi  river  in  sees,  12,  13  and  24.  Bassett*s  Greek  breaks 
the  surface  in  the  central  part  of  the  town  on  the  west  side  of  the 
river,  entering  the  Mississippi  about  a  mile  above  the  Falls.  Mag. 
var.  9^  89'  to  ir,  20'. 

Towns  116  and  116  N.,  R.  21  W.  of  5th  Pein.  Mbb.     (Fract.) 
W.part  o/'Bloominoton,  and  S.  W.  part  of  Richpield. 

This  embraces  a  little  prairie  tract  in  the  southern  portion,  and 
several  lakes  in  the  northern,  but  it  is  mostly  undulating  and  tim- 
bered. The  Minnesota  bluffs  bound  it  on  the  south,  but  they  are 
not  rocky.  They  rise  about  160  feet  above  the  river.  In  the 
northern  portion  are  some  high  drift-knolls.  Anderson  Jake  is 
the  principal  body  of  water.    Mag.  var,  10°  to  12°,  80*. 

Towns  117  and  118  N.,  R.  21  W.  5th  Pein.  Mee.    (Fractional.) 
Ceystal  Lake,  tcith  parts  o/ Minneapolis  and  Richfield. 

This  is  entirely  a  wooded  and  undulating  or  rolling  tract,  run- 
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ning  N.  and  S.,  about  2i  miles  wide,  and  east  to  the  Mississippi 
north  of  Minneapolis.  It  has  small  marshy  areas,  and  one  irreg- 
ular patch  of  prairie  northwest  of  Minneapolis  city.  Mag.  var. 
10%  5'  to  11%  58'. 

T.  119  N.,  R.  21  W.  5th  Pbin.  Mbb.    Brooklyn. 

This  town  is  altogether  level,  except  in  the  southwest  comer, 
and  is  mainly  one  of  prairie.  The  scattered  timber  is  small. 
Pabner  Lake  is  in  Sec.  26,  and  through  it  runs  Shingle  creek,  which 
is  accompanied  by  some  marsh,  l^e  Mississippi  river  forms  the 
eastern  boundary,  but  the  blu£fs  are  low  and  consist  of  drift  only. 
A  belt  of  heavier  timber  skirts  the  river  in  the  northeastern 
portion  of  the  town.    Mag.  var.  10°  46'  to  12°  89'. 

T.  120  N.,  R.  21  W.  5th  Prik.  Mbb.    E.part  of  Champlik. 

There  is  a  small  area  lying  on  the  Mississippi  river,  having  a 
variety  of  surface,  fiat  prairie,  timbered  bottom  land,  and  lightly 
timbered  upland. 

T.  116  N.,  R.  22  W.  6th  Pbin.  Mbb.    Edbn  Pbaibib. 

While  this  town  is  mainly  rolling  or  hilly,  with  lakes  and  some 
marshes,  and  heavily  timbered,  it  took  its  name  from  a  flat  prairie 
which  lies  in  .the  southern  portion,  bordering  on  the  Minnesota 
river,  including  the  bottom  land  and  a  belt  about  a  mile  wide  north 
ofthebluflfs.    Mag.  var.  10°  to  18°  87'. 

T.  117  N.,  R.  22  W.  5th  Pbin.  Mbb.    Miwnbtonka. 

This  town  is  wholly  wooded  and  rolling,  some  parts  being  hilly. 
It  also  has  small  areas  of  marsh,  intervening  between  the  drift 
hills,  and  occasional  lakes,  the  largest  body  of  water  being  a  part 
of  Minnetonka  Lake,  from  which  flows  Little  Falls  creek,  (known 
now  as  Minnehaha  creek,)  and  crosses  the  center  of  the  town 
easterly.    Mag.  var.  10°  9'  to  14°  45. 

T.  118  N.,  R.  22  W.  6th  Pbik.  Mbb.    Plymouth. 

This  is  also  a  rolling  and  timbered  town,  with  several  lakes  and 
tamarack  swamps.  Medicine  Lake  in  the  S.  E.  corner  is  the  largest 
body  of  water.    Mag.  var.  11°  21'  to  14°  46. 
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T.  119  N.,  R.  22  W.  5th  Pbin.  Meb.    Maple  Qeovb, 

The  town  is  entirely  rolling  and  wooded,  except  a  small  portion 
in  sections  1,  12  and  13,  which  is  an  extension  of  the  Brooklyn 
prairie.  It  is  crossed  by  a  small  creek  running  N.  through  Uie 
center,  and  by  its  tributary  in  the  N.  W.  It  contains  several  fine 
lakes.    Mag.  var.  r  45'  to  12°  38'. 

T.  120  N.,  R.  22  W.  6th  Pbik.  Meb.    Dayton,  and  W.  part  of 

Champxjn. 

This  town  resembles  the  last,  but  borders  on  the  Mississippi 
river,  which  has  drift-banks  that  rise  about  100  feet  above  the 
river.  Crow  river  also  touches  it  on  the  north.  Mag.  var.  9°  45 
to  12°. 

T.  117  N.,  R.  23  W.  5th  Prik.  Mbr.    Excelsior,  w/id  part  of 
Medina,  and  part  of  Minnetonka. 

About  one-half  of  this  town  is  covered  with  water,  pertaining 
to  Lake  Minnetonka.  The  rest  is  rolling  and  heavily  timbered, 
with  occasional  marshes.    Mag.  var.  11°  15'  to  18°  12*. 

T.  118  N.,  R.  23  W.  5th  Prin.  Mer.    N.  part  o/ Medina, 

This  town  is  much  diversified  with  lakes,  marshes,  and  a  rolling 
surface.    It  is  entirely  wooded.    Mag.  var.  10°  20'  to  18°  12*. 

T.  119  N.,  R.  23  W.  5th  Prin.  Mbr.    Co^corak. 

A  woodcfd,  rolling  town,  with  frequent  small  marshes  and  two 
or  three  lakes.     Mag.  var.  10°  40'  to  11°  45'. 

T.  120  N.,  R.  23  W.  5th  Prin.  Mer.  (S.  of  Crow  River,)  Hassak. 

This  is  a  wooded,  rolling  town,  similar  to  the  last,  but  has 
Crow  river  along  its  northern  boundary.  Mag.  var.  9°  13*  to 
11°  30'. 

T.  117  N.,  R.  24  W.  5th  Prin.  Mer.    MonsTETBisTA. 

This  is  a  rolling  timbered  town  embracing  a  part  of  Lake  Min- 
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netonka,  and  several  smaller  lakes,  as  i^ell  as  numerous  marshes. 
Mag.  var.  10°  40'  to  13°  12'. 

T.  118  N.,  R.  24  W.  5th  Pbiir.  Mbr.    Indbpbkdbkcb. 

This  is  a  rolling  timbered  town,  dotted  with  small  marshes  and 
lakes.    Mag.  var.  10°  5'  to  12°  30'. 

T.  119  N.,  R.  24  W.   5th  Prin.   Mbe.    (8.  of  Crow  River.) 

Gbbbkwood. 

Crow  river,  which  crosses  this  town,  separates  Greenwood  from 
Wright  county.  It  is  in  every  respect  similar  to  those  already 
described.    Mag.  var.  10°  25'  to  10°  12'. 

SoU  and  Timber. 

The  most  of  the  county  has  a  close,  clay  soil  of  a  grayish  color. 
This  is  particularly  the  case  in  the  heavily  wooded  portion.  At 
least  three-quarters  of  the  county  are  embraced  under  this  descrip- 
tion. The  soil  of  the  eastern  quarter  of  the  county  is  more  sandy. 
The  change  from  clay  to  sand,  while  in  general  taking  place  along 
the  boundary  line  already  defined  under  the  head  Surface  Features^ 
still  is  not  always  abrupt.  It  is  always  accompanied  by  a  change  of 
timber  species.  In  the  clay  land  are  found  sugar  maple,  elm,  bass, 
butternut,  and  a  variety  of  others,  while  in  the  sandy  or  loam  cov- 
ered portions  are  found  only  oaks  and  aspens  which  generally  are 
also  quite  small.  The  belt  containing  this  small,  sparse  timber  runs 
north  and  south  across  the  eastern  portion  of  the  county  covering 
the  eastern  part  of  Maple  Grove,  the  eastern  part  of  Plymouth, 
the  western  part  of  Minneapolis  and  the  central  portions  of  Rich- 
field and  Bloomington,  with  isolated  areas  in  Minnetonka  and 
Eden  Prairie.  This  feature  in  the  forest  of  the  county  gradually 
dies  out  toward  the  east,  and  most  noticeably  after  passing  the 
boundary  between  the  rolling  surface  and  the  flat  land  along  the 
Mississippi ;  the  country  becoming  nearly  a  continuous  and  open 
prairie.  Throughout  this  belt  of  sparse  and  small  timber  there 
are  occasional  large  bur  oaks  on  the  uplands,  and  also  occasionally 
gigantic  black  oaks,  with  charred  trunks,  in  clusters,  having  no 
other  company  than  an  undergrowth  of  oak  bushes.  There  are 
also,  in  the  bottom  land  along  some  of  the  ravines,  occasional 
trees  of  elm  or  bass.    The  eastern  boundary  of  the  heavily  tim- 


Digitized  by  VjOOQIC 


142  GBOLOaiOAL  AKD  KATUBAL  HISTOBT 

bered  rolling  area,  with  a  distinctively  clay  soil,  strikes  the  Missis- 
sippi river  about  three  miles  southeast  of  Dayton. 

The  following  species  of  trees  and  shrubs  are  known  to  grow  in 
the  county.  The  trees  are  named  in  the  estimated  order  of  abun- 
dance: 

American  Elm.    Ulmus  Americana,  L.    (PI.  Clayt.')  WUld. 
Bass.    Tllia  Americana,  L. 
Sugar  Maple.    Acer  saccharinum.     Wang, 
Bed  Oak.    Qaercns  mbra.    L.  (f) 
Batterant.    Jnglans  clnerea.    X. 
Bar  Oak.    Qaercns  macrocarpa.    Michx. 
Bed  Elm.    Ulmas  ftilva.    Mlehx. 
Soft  Maple.    Acerrubram.    L. 
Bittemot.    Caryaamara.    Nutt. 
White  Ash.    I'razinas  Americana.    X. 
^     Black  Oak.    Qaercas  tlnctoria.    BaH.    (?) 
Ironwood.    Ostrya  Ylrglnlca.    WUld. 
Black  Ash.    Fraxlnns  sambnclfolla.    Lam. 
WUd  Plom.    Pranos  Americana.    Mar9h* 

Jane-berry.  Amelanchler  Canadensis.   Var.  Botryaplom.  Torr.AQr* 
American  Crab- Apple.    Pyras  coronarla.    X* 
Aspen.    Popolns  tremololdes.    Mlchx. 
Tamarack.    Larlx  Americana.    Michx. 
Box  Alder.    Negundo  aceroldes.    Mcsnch* 
Great-toothed  Poplar.    Popalas  grandidentata.    Michx. 
Black  Cherry.    Pranos  serotina.    Ehr. 
Cottonwood.    Popalas  moniliftra.    AU. 
Water  Beech.    Carpinas  Americana.    Michx* 

wmow.  iscaix.) 

Hackberry.    Celtls  occldentalls.   X. 

White  Birch.  Betnlaalba.    Far.  popallfolla.    8paeh,  (?) 

White  Oak.    Qoercas  alba.    X. 

Bed  Cedar.    Janlperni  Ylrginiana.    X. 

White  Pine.    Pinos  Strobas.    X. 

A  few  trees  of  white  pine  occar  on  Minnehaha  creek,  and  at  Dayton. 

Shrubs  and  Woody  Vines. 

Virginia  Creeper.    Ampelopsis  qainqnefoUa.    Michx. 

Bittersweet.    Celastras  scandens.    X. 

Frost  Grape,   ^itis  cordifblla.    Michx, 

Hazel.    Corylas  Americana.    WaU. 

Smooth  Snmac.    Bhas  glabra.    X. 

Wild  Bed  Cheiry.    Pranas  Pennsylyanlca.   Zi. 
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Wolf-berry.    Symphorlcarpna  occidentalis.    S,  Br. 

Black-cap  Raspbeny.    Babos  occideiitaUs.    £• 

Qigh  Blackberry.    Rabns  ylUosua^    AU. 

Red  Raspberry.    Rabas  strigosog.    Mkhx. 

Choke  Cherry.    Pranas  Vlrginiana.    L> 

Thorn.    Cratagos  coccinea.    L. 

Rose.    Rosa  lacida.    Ehr. 

Frickley  Ash.    Zanthoxylam  Amerlcanam.    Mill. 

Staghom  Sumac.    Rhas  typhlna.    £. 

Wild  Rose.    Rosa  blanda.    AU. 

Round-Ieayed  Cornel.   Comas  circinata.    BHer. 

Common  Elder.    Sambncns  Canadensis .    L . 

High-bush  Cranberry.    Vibamum  Opulos.    £• 

Black  Currant.    Rlbes  floridnm.    £. 

Alternate-leaved  Cornel.    Comas  altemlfolia.    L. 

Panicled  Cornel.    Corous  panlcalata.    L'Ser. 

Red-osier  Dogwood.    Corans  stolonifera.    Mkhx. 

Speckled  Alder.    Alnus  incana.     WUld. 

Sheep-berry.    Vlbaraum  Lentago.    L, 

Elder.    Sambucus  pubens.    Michx. 

Honeysuckle.    Lonlcera  parviflora.    Lam. 

Honeysuckle.    Lonicera  ciliata.    JfuAZ. 

Yellow  Honeysuckle.    Lonicera  flay %.     Sims- 

Kinnlkinnick.    Coraus  sericea.    £. 

Dwarf  Cornel.    Comus  Canadensis.    L* 

Prickly  wild  Gooseberry.    Ribes  Cynosbati.    L. 

Smooth  wild  Gooseberry.    Ribes  rotundUblium.    Michx. 

Ninebark.    Splrsea  opullfolia.    £. 

Meadowsweet.    Spiriea  salicifolia.    £• 

THE  OBOLOGIOAL  STRUOTTJEB. 

The  only  rocks  seen  in  actual  outcrop  within  the  county  are 
those  belonging  to  the  Trenton  limestone,  and  the  St.  Peter  sand- 
stone; but  the  Shakopee  limestone  (of  the  Lower  Magnesian  for- 
mation) is  seen  in  outcrop  at  Shakopee,  on  the  opposite  sid^  of 
the  Minnesota  riyer,  and  must  exist  in  the  immediate  bluffs  of  the 
Minnesota  river  in  the  southwestern  portion  of  the  county.  It  is 
very  likely  also  that  large  areas  of  the  Cretaceous  formation  exist 
within  the  county,  though  its  presence  is  only  known  by  the 
abundance  of  Cretaceous  debris  that  is  found  in  the  drift  through- 
out  the  county.  The  geology  of  the  county  then  may  be  em- 
braced in  the  following  list  of  formations  : 

1.    The  Drift  and  the  loess  loam. 
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3.  The  Cretaceous. 

3.  The  Green  Shales  and  Trenton  Limestone. 

*   4.  The  St.  Peter  Sandstone. 

6.  The  Shakopee  Limestone  (of  the  Lower  Magnesian.) 

The  respective  areas  of  the  Trenton,  St.  Peter  and  Lower  Mag- 
nesian, are  represented  on  the  accompanying  colored  map  of  the 
county,  so  far  as  those  areas  can  be  ascertained  or  estimated.  It 
must  be  borne  in  mind  that  there  are  no  outcrops  of  rock  in  the 
eounty  except  along  the  valley  of  the  Mississippi  river,  and  that 
hence  the  boundary  lines  as  laid  down  are  not  intended  to  express 
anything  more  than  an  approximation  to  their  actual  positions. 

The  Shakopee  Limestone. 

The  reader  is  referred  to  earlier  repoi^s  for  the  details  of  lithol- 
ogy  and  special  characters  of  this  limestone.  It  is  sufficient  here 
to  say  that  it  is  named  from  the  city  of  Shakopee,  in  the  Minne- 
sota valley,  where  it  was  first  recognized  as  a  different  limestone 
from  that  along  the  bluffs  of  the  Mississippi  river  below  Hastings; 
and  that  it  is  the  uppermost  member  of  the  Low.  Magnesian  series. 
It  lies  just  below  the  sandstbne  which  is  seen  at  the  Falls  of  St. 
Anthony,  and  is  known  as  the  ^^Easota  stone"  among  builders 
when  wrought  at  Kasota,  a  few  miles  above  Shakopee,  in  the  Min- 
nesota valley.  It  is  strictly  an  arenaceous  dolomite  of  a  buff  color 
varying  to  pinkish,  or  "  fawn-cdored, "  as  described  by  Feather - 
stonhaugh.  Its  thickness  is  about  seventy  feet.  There  is  no 
known  outcrop  of  it  within  the  limits  of  Hennepin  county,  but  it 
certainly  underlies  a  belt  of  territory  running  northward  from 
Shakopee  and  Bloomington,  toward  Dayton,  through  the  central 
part  of  the  county.  Were  it  not  for  the  heavy  covering  of  drift, 
it  might  be  expected  in  outcrop  about  the  shores  of  Minnetonka 
Lake. 

The  St.  Peter  Sandstone-^Its  Area. 

This  well  known  formation  is  seen  in  the  bluffs  of  the  Missis- 
sippi river  at  and  below  the  FaUs  of  St.  Anthony  to  the  mouth  of 
the  Minnesota,  and  exists  also  in  the  Minnesota  river  bluffs 
for  several  miles  above  Fort  Snelling ;  though,  for  reasons 
which  pertain  to  the  history  of  the  Minnesota  river  and  its  age  as 
compared  with  that  of  the  Mississippi  in  this  vicinity,  it  is  but 
rarely  exposed  in  the  bluffs  of  that  river  above  Fort  Snelling. 
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The  slopes  from  the  upland  to  the  river  level,  along  the  Minne- 
sota, are  uniformly  smoothed  over  by  the  drift,  and  are  turfed  or 
wooded ;  but  the  descent  from  the  upland  to  the  river  along  the 
Mississippi,  above  Fort  Snelling,  is  perpendicular  and  rocky,  the 
river  running  in  a  canon -like  gorge.  Owing  to  a  dip  of  the  rocks 
toward  the  east,  the  St.  Peter  sandstone  is  brought  above  the  level 
of  the  Mississippi  at  points  above  the  Falls  of  St.  Anthony,  within 
the  immediate  river  valley.  On  the  east  side  of  the  river  it  out- 
crops along  Main  street,  and  is  struck  by  digging  wells  at  points 
further  north  and  east.  It  underlies  a  belt  of  country  running 
north  and  south  across  the  county,  next  east  of  that  of  the  Shak- 
opee,  which  is  probably  about  six  miles  wide.  In  the  vicinity  of 
the  Falls  of  St.  Anthony  the  St.  Peter  is  also  caused  to  be  the 
surface  rock  by  the  cutting  through  of  the  over-lying  Lower 
Trenton  by  the  ancient  drainage-courses  of  the  Mississippi,  or  of 
its  tributaries.  Thus  there  is  a  break  in  the  continuity  of  the 
Trenton  where  Bassett's  creek  enters  the  Mississippi,  above  the 
falls.  That  stream  runs  at  no  point  over  the  Trenton  limestone, 
but  over  the  St.  Peter  sandstone.  The  valley  in  which  it  lies  was 
cut  by  some  more  powerful  force  than  the  creek  itself,  and  perhaps 
by  the  Mississippi  river  before  the  last  drift  epoch.  At  that  time 
the  Mississippi  must  have  reached  the  Minnesota  valley  at  some 
point  above  Fort  Snelling,  without  running  over  the  Trenton 
limestone  at  all,  and  hence  without  causing  any  falls.  The  width 
of  the  St.  Peter  area  in  the  immediate  river  valley,  above  the  falls^ 
as  compared  with  that  in  the  same  valley  below  the  falls,  considered 
in  connection  with  the  Bassett's-creek  St.  Peter  area,  clearly 
points  to  the  ancient  continuation  of  the  Mississippi  valley  south- 
ward by  the  way  of  Bassett's  creek,  to  the  Minnesota,  instead  of 
by  way  of  Fort  Snelling.  There  is  another  break  in  the  over- 
lying Trenton  on  the  east  side  of  the  rivei^,  leaving  the  St.  Peter 
as  the  surface  rock,  in  a  low  tract  of  land  in  the  First  Ward, 
northwest  from  the  Cemetery.  This  low  area  is  crossed  by  the 
Branch  Line  of  the  St.  Paul  &  Pacific  railroad  longitudinally. 
This  area  of  the  St.  Peter  becomes  quite  narrow  near  the  St. 
Anthony  Junction,  but  rapidly  widens  out  toward  the  south  and 
east,  so  far  as  can  be  judged  from  the  topographical  features  and 
from  information  gathered  from  dug  wells.  Just  how  far  this  St. 
Peter  area  extends  south  under  the  extensive  peat  marsh  which 
covers  a  large  tract  in  that  direction,  it  is  impossible  to  say  ;  but 
the  Trenton  replaces  it,  at  the  surface,  within  a  mile,  since  it 
occupies  the  river  bluflPs  uninterruptedly  from  Fort  Snelling  to  the 
19 
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Falls  of  St.  Anthony,  and  since  Tuttle's  brook  passes  over  it  in 
joining  the  Mississippi  near  the  University. 

Its  Lithological  Characters. 

The  outward,  and  also  the  chemical,  characters  of  this  sandstone, 
in  Minnesota,  are,  so  far  as  seen,  remarkably  constant  and  simple. 
It  is  white,  "saccharoidal,"  friable,  non-fossiliferons,  (or  almost 
so,)  and  consists  almost  entirely  of  pure  quartz  sand.  It  contains 
not  enough  lime  to  act  as  a  cement,  and  hence  can  almost  every- 
where be  excavated  erven  with  the  fingers.  On  exposed  surfaces, 
as  along  the  blufiPs  of  the  Mississippi,  where  dripping  water  passes 
over  it,  the  grains  become  more  firmly  cements  together  by  de- 
position of  carbonate  of  lime  and  iron  oxide,  and  its  delicate  white- 
ness is  lost.  Indeed,  wherever  water  in  the  smallest  quantity  is 
allowed  to  trickle  through  it^  a  deposit  of  iron  oxide  is  invariably 
seen,  since  rarely,  if  ever,  is  any  surface  water  found  entirely  free 
from  that  impurity. 

The  thickness  of  the  St.  Peter  at  the  Falls  of  St.  Anthony  is 
164  feet  as  developed  by  a  drilled  well  sunk  at  E.  Minneapolis  in 
1874-5;  but  that  is  considerably  more  than  it  is  accredited  with  at 
points  further  south.  At  Chatfield,  in  Fillmore  county,  it  is  122 
feet  in  thickness,  and  in  the  S.  W.  part  of  Houston  county  it  is 
but  75-80. 

The  St.  Peter,  operating  in  conjunction  with  the  overlying 
Trenton  limestone,  is  the  immediate  cause  of  a  great  many  water- 
falls. The  Falls  of  St.  Anthony  are  caused  by  the  passage  of  the 
Mississippi  from  the  limestone  on  to  the  sandstone.  The  latter, 
worn  away  at  the  foot  of  the  fall  by  the  retro-action  of  the  water, 
leaves  the  limestone  projecting  to  fall  down  in  heavy  blocks  as 
fast  as  it  becomes  too  feeble  to  support  further  its  own  weight. 
This  protecting  cap  of  limestone  extends  but  a  few  rods  above  the 
present  brink  of  the  falls;  and  had  it  not  been  that  vigorous  meas- 
ures were  taken  a  few  years  since  for  its  protection,  it  is  very 
probable  that  ere  this  the  falls  themselves  would  have  disappeared, 
or  changed  to  a  foaming  rapid,  thus  destroying,  or  greatly  damag- 
ing, one  of  the  most  important  water-powers  of  the  world.  The 
first  alarm  was  occasioned  by  the  effect  of  the  water  of  the  river 
in  running  through  an  artificial  tunnel  in  the  underlying  St.  Peter 
sandstone,  and  the  collapsing  of  large  areas  of  the  limestone. 
The  water  was  immediately  excluded  from  the  tunnel,  the  sand- 
stone behind  the  waterfall  was  protected  from  the  retro-action  of 
the  water,  and  a  wall  or  dike  of  concrete  or  beton  was  constructed 
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under  the  river  in  the  sandrock,  and  below  the  limerock,  crossing 
the  Mississippi  a  short  distance  above  the  brink  of  the  falls.  This 
wall  of  concrete  has  a  width  of  four  feet  and  extends  downward 
from  the  limerock  to  below  the  bottom  of  the  river,  below  the  falls. 
The  chief  object  of  this  dike  is  to  cut  off  all  streams  of  water 
from  running  in  the  St.  Peter  and  so  perforating  it  and  eroding  it 
as  to  cause  the  downfall  of  the  limerock.  A  number  of  such 
streams,  some  of  considerable  size,  were  found  to  be  passing 
through  the  sandrock,  having  entered  it  from  the  river  at  points 
above  the  limit  of  the  limerock.  Being  under  considerable  hydro- 
static pressure  their  force  of  erosion  on  the  sandrock  was  greater^ 
than  ordinary  surface  streams  of  the  same  size.  One  such  stream, 
or  sheet,  of  water  was  struck  by  Mr.  Franklin  Cook,  in  sinking  a 
drilled  well  into  the  sandrock  at  a  point  within  the  gorge  some 
distance  below  the  falls,  when  the  water  rose  at  once  above  the 
surface  and  has  continued  to  flow  ever  since. 

No  fossils  have  been  taken  from  this  sandstone  in  Hennepin 
county  ;  indeed,  the  only  trace  of  organic  structure  known  to 
have  been  found  in  it,  in  the  entire  northwest,  consists  of  a  species 
of  LinguUpiBi  obtained  in  Fillmore  county,  and  described  in  the 
report  on  that  county,  in  1875. 

The  Trenton  Limestone. 

This  formation,  as  it  occurs  in  Minnesota,  comprises  three  main 
parts.  The  lowest,  only,  can  be  seen  generally  in  Hennepin 
county,  though  that  next  above  exists  also,  and  is  struck  in  wells 
at  some  distance  back  from  the  river.     Those  parts  are — 

The  Upper  Trenton. 
The  Green  Shales. 
The  Lower  Trenton. 

The  Oreen  Shales  are  often  called  soapstone,  but  they  do  not  con- 
tain the  mineral  constituents  of  soapstone,  and  should  not  have 
that  name.  They  are  about  20  feet  in  thickness,  but  being  rather 
soft  and  easily  covered  up,  they  are  hid  by  the  overlying  drift  or 
loam  at  nearly  all  points  along  the  river  bluffs.  Within  the  shales 
are  often  thin  lenticular  layers  of  very  fossiliferous  crystalline 
limestone,  the  upper  and  lower  surfaces  of  which  are  literally 
covered  with  fossils  in  a  fine  state  of  preservation,  but  firmly 
bound  to  the  limestone  layers.  There  are  also  fossils  distributed 
through  the  shales  themselves,  which,  on  the  weathering  of  the 
shales,  wash  out  in  perfect  preservation.     Orthis  Lynx,  Rhyn- 


Digitized  by  ^ 


joogle 


148  OEOLOOICAL  AKD  NATQBAL  EOSTOBT 

choneUa  capax  and  Chaetetes  Lycoperdon,  are  the  most  common  in 
such  conditions  ;  but  on  the  slabs  of  limestone  that  weather  out 
of  the  shales  are  often  a  great  many  minute  fossil  forms  of  encrust- 
ing corals,  as  well  as  other  species  of  brachiopods.  The  Green 
Shales  may  be  seen  at  Finn's  Glen,  about  three  miles  below  the 
Falls  of  St.  Anthony,  on  the  east  side  of  the  river,  where  a  little 
stream  enters  the  Mississippi. 

The  Lower  Trenton  is  tpyically  that  which  occurs  at  the  Falls  of 
St.  Anthony,  and  thence  in  the  bluffs  of  the  Mississippi  to  St. 
Paul.  It  has  generally  the  following  alternation  of  parts  in 
descending  order : 

1.  Impure  limestone 9-12  feet. 

2.  Calcareous  shale 4-6  feet. 

8.    Argillaceous  limestone 15feet. 

The  above  are  the  main  distinctions  as  seen  in  Hennepin  county. 
^The  characters  of  No.  1  are  not  always  uniformly  distributed 
through  the  whole  thickness  designated,  but  they  are  apt  to  fade 
out  downward  being  replaced  by  some  of  the  characters  of  No.  2 ; 
which  also  exhibits  a  tendency  to  pass  gradually  into  the  rock  of 
No.  3.  On  the  other  hand,  there  is  very  generally  a  thin  stratum 
of  shale  exactly  like  the  most  of  No.  2,  under  the  limerock,  and 
lying  on  the  St.  Peter  sandstone. 

The  following  more  special  section  will  show  the  alternations 
referred  to,  as  they  appear  at  the  quarry  of  E.  Malony,  on  the 
east  side  of  the  river,  below  the  University,  at  Minneapolis  : 

Section  of  the  Trenton  below  the  University, 

No.  1.— Impure  limestone,  crystalline,  rough  to  the  touch,  hard,  but 
splitting  to  thin  lenticular  chips  under  the  weather.  This  is  of 
a  blue  color  wllhin.  but  on  exposed  surfaces  becomes  a  dirty 
buff.  The  grain  is  close,  except  for  the  cavities  resulting  from 
absolrbed  fossils.  The  fragments  into  which  the  stone  weathers 
out  are  brittle  and  somewhat  sonorous.  It  is  very  fossillferous 
especially  with  Strophomena  deltoidea.  It  also  has  ftequently, 
associated  with  this,  StropTiomenat  a  species  of  Orthis,  which  is 
perhaps  costdlis,  species  of  Murchisonia,  Leperditia,  Edmondia, 
and  occasionally  of  Asaphus.  Thickness  not  AiUy  exposed ;  seen 
about ,. .    8  ft. 

No.  2.— Similar  to  the  last,  but  gradually  becoming  more  Impure  with 
shale,  the  fossils  being  gathered  more  into  sheets  or  layers, 
making  mere  calcareous  belts. 2A« 
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Ko.  8.— Green  shale,  calcareous,  weathering  bloe,  withbnt  few  fossils. 
Occasionally  is  fonnd  a  large  specimen  of  SndoceroB  fMtgniven" 
trtim,  H.,  in  this  shale,  the  form  only  being  preserved,  sur- 
rounded by  a  thin  black  film  of  bituminous  matter i  ft.  8  in. 

No.  i.— The  last  passes  gradually  into  a  calcareous  shale  resembling 
the  well-known  building  rock  of  this  place,  in  which  still  there 
are  few  distinguishable  fossils.  This  stone  is  sometimes  used 
for  rough  walls,  or  in  protected  positions.  It  is  markedly  set 
off  ftom  the  rock  below  by  a  projecting  shoulder  fbrmed  by  the 
upper  portion  of  No.  5 2ft. i in. 

No.  5.— The  building  stone  of  this  place,  and  St.  Paul.  This  stone  is 
rather  too  argillaceous  to  be  a  reliable  building  material,  yet  is 
eztensively  used.  The  shale  is  intimately  disseminated  through 
the  calcareous  layers,  without  showing  regular  lamination,  yet 
causes  a  mottled  or  blotched  color  over  the  surfkc<A  when  cut 
or  broken.  The  darker  spots  are  shaly ;  the  lighter  ones  are  more 
purely  calcareous.  The  color  of  the  whole  is  blue,  which  makes 
it  have  the  appearance  of  strength  and  durability  when  placed 
in  a  structure.  The  fbssil  remains  in  this  member  are  apt  to 
be  comminuted,  so  as  to  be  wholly  undlstinguishable,  yet  some- 
times large  specimens  otEndoeeraamagnivefUrumj  H.,  are  found 
in  the  layers.  Rarely  also,  on  separating  the  layers  in  quarry- 
ing, a  rock-eurfkce  is  disclosed  that  is  eminently  fossiliferous 
with  tOTvaBotBhyncKoneHaecg^QX,  OHhiSf  and  other  brachiopods 
and  incrusting  corals.  This  is  the  principal  and  most  constant 
member  of  *tbe  Lower  Trenton,    Thickness  about 15  ft. 

No.  6.^Blue  shale,  parting  conchoidally  under  the  weather,  lying  on 

the  8t.  Peter  sandstone.    Seen 2  ft. 

Total 84  ft. 

The  section  exposed  at  the  quarries  on  the  east  side  of  the  riyer, 
at  Minneapolis,  is  essentially  the  same  as  the  foregoing,  viz. : 

No.  I. -«« Gray  rock" « 8  ft. 

No.  9.«-«  Soft  stone,"  (shale) • 6  ft. 

No.  8.— "Blue  stone" lift. 

No.  i.— Slaty  day 2  ft. 

No.  8.— White  sandrock  to  the  river 25  ft. 

About  one  block  above  the  railroad  bridge  over  the  Mississippi, 
at  Minneapolis,  the  line  of  strike  of  the  limerock  from  the  north 
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runs  down  to  the  river,  but  probably  crosses  the  river  considerably 
further  down — but  a  short  distance  above  the  Falls.   On  both  sides 
of  the  river,  above  the  Falls,  the  strike  diverges  from  the  actual 
river  channel,  and  passes  inland,  nearly  parallel,  however,  with 
the  river,  and  extends  some  miles  northwest ;  but  below  the  Falls 
the  line  of  strike  is  very  near  the  river,  and  indeed  constitutes  the 
blufiF  of  rock  which  encloses  the  gorge.    The  valley  occupied  by 
Bassett's  creek  is  wider  and  deeper  cut  in  the  rock  than  that  of  the 
Mississippi  below  the  Falls,  as  may  be  seen  more  clearly  by  con- 
sulting the  accompanying  map,  but  the  line  of  strike  of  the 
limerock,  along  the  creek,  and  along  the  river  above  the  mouth  of 
the  creek,  is  covered  by  the  loam  deposit,  which  is  not  the  case 
below  the  Falls  to  Fort  Snelling.     Below  Fort  Snelling  the  Mis- 
sissippi blufiFs  are  again  covered  and  masked  by  the  loam.     Above 
the  Falls  the  lii^e  of  the  edge  of.  the  limerock  forms  a  terrace 
ascent  facing  the  river,  and  about  one-half  a  mile  from  it,  and  can 
be  traced  by  this  means  on  the  west  side  of  the  river  northward 
to  Shingle  creek,  where  it  bears  westwardly  away  from  the  river, 
along  the  south  side  of  the  creek  and  becomes  lost  by  reason  of 
the  prevalence  of  the  drift ;  on  the  east  side,  at  about  the  same 
distance  from  the  river,  it  runs  northwardly  across  the  blocks  of 
the  Second  Ward  and  diagonally  northeabtwardly  across  the  blocks 
of  the  First  Ward,  and  returns  upon  itself  toward  the  Junction  of 
the  St.  Paul  &  Pacific  R.  R.     Further  east  another  area  of  the 
Low.  Trenton  approaches  the  river,  and  its  line  of  strike  forms  a 
similar  terrace  which  extends  northward  to  the  line  of  Anoka 
county  and  beyond.    It  is  exposed  and  worked  in  one  or  two 
quarries  situated  exactly  on  the  Anoka  county  line,  northwest  of 
Sandy  Lake,  near  the  railroad.     It  is  evident  from  its  weathered 
condition  and  stained  color,  although  still  buried  under  the  loam, 
that  it  has  been  subjected,  at  this  point,  and  also  all  along  the 
terrace-like  ascent  that  it  forms,  on  either  side  of  the  river,  above 
the  falls,  to  the  action  of  water,  and  alternating  sub-ffirial  agencies, 
for  a  long  period  of  time,  and  that  perhaps  it  was  the  water  of  the 
river,  in  times  prior  to  the  glacial  epoch  that  stained  and  shattered 
it.     Indeed  it  is  with  some  difficulty  recognizable,'  as  the  same  rock 
that  forms  the  falls  at  St.  Anthony,  without  a  knowledge  of  its 
stratigraphical  continuity  ;  this  is  especially  true  of  the  quarries 
near  Sandy  Lake  on  the  east  side  of  the  river. 

There  is  a  gentle  dip  in  the  layers  of  Lower  Trenton  at  Minne- 
apolis toward  the  southeast.  At  the  lower,  or  iron,  bridge  it  is 
very  slight,  hardly  perceptible  ;  at  the  falls  it  is  about  an  inch  in 
one  hundred  feet ;  it  increases  soon  to  three  or  four  inches  in  one 
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hundred  feet,  and  at  Central  Avenue,  on  the  east  side  of  the  river, 
it  is  about  five  feet  in  one  hundred  feet.  This  dip  causes  the  rock 
to  rise  from  under  the  river  and  into  the  river  banks,  finally  run- 
ning in  the  country,  as  already  stated,  half  a  mile  or  more  from 
the  river,  and  more  than  fifty  feet  above  it.  The  dip  of  five  feet 
in  one  hundred  at  Central  Avenue  is  a  little  away  from  the  river, 
so  that  sewers  will  not  empty  themselves  unless  they  are  run  at 
variance  with  the  dip.  It  does  not  continue  of  the  same  amount 
but  decreases  northwardly,  else  the  layers  could  not  lie  at  the  level 
they  occupy  where  quarried  at  points  in  the  north  part  of  the  city. 
This  change  may  be  gradual,  or  there  may  be  a  fault,  or  break,  at 
some  point  in  E.  Minneapolis,  north  of  Central  Avenue.  The  St. 
Peter  sandrock  is  exposed,  above  the  level  of  the  river,  above  the 
falls,  near  the  upper  bridge,  in  E.  Minneapolis ;  and  on  the  west 
side  of  the  river,  at  the  mill-pond  at  Shingle  creek,  two  miles  north 
of  the  limits  of  the  city. 

On  the  west  side  of  the  river  the  strike  of  the  limerock,  above 
the  falls,  leaves  the  river-bank  about  halfway  between  the  railroad 
bridge  and  the  mouth  of  Bassett's  creek,  sweeping  round  on  the 
south  side  of  the  creek  so  as  not  to  cross  it,  nor  to  be  visible  in 
its  banks.  It  is  quarried  in  the  lumber  yard  opposite  Boom  Island^ 
but  turns  from  their  rapidly  toward  the  west  and  south,  barely 
extending  north  of  Sixth  Avenue,  North.  It  re-crosses  the  rail- 
road between  Fourth  and  Fifth  streets,  and  follows  the  line  of  the 
road,  but  a  block  or  two  south  of  it,  to  the  crossing  of  Hawthorne 
Avenue  where  it  turns  abruptly  ,to  the  eastward,  and  southward 
along  the  north  side  of  the  lake  in  the  Seventh  Ward ;  but  whether 
it  continues  in  the  same  direction  further  than  Nicollet  Avenue, 
or  bears  more  to  the  southward  is  unknown.  The  "hardpan" 
ridge  crossing  the  south  end  of  the  Seventh  Ward  indicates  the 
proximity  of  the  strike  of  the  Lower  Trenton  along  the  south  side 
of  the  same  lake,  which  would  require  an  abrupt  change  of  direc- 
tion, again  to  the  westward,  or  the  existence  of  a  separate  area  of 
Trenton  rock  lying  toward  the  southwest.  On  the  north  side  of 
Bassett's  creek  is  another  Trenton  area,  the  eastern  edge  of  which 
enters  the  city  limits  from  the  north,  about  one  block  east  of 
Lyndale  Avenue  in  a  southwestward  course,  crosses  Lyndale 
Avenue  between  Twenty -third  and  Twenty-fourth  Avenues  N., 
passes  through  blocks  5,  6,  7,  and  8  toward  the  south,  and  again 
across  Lyndale  Avenue  between  Sixteenth  and  Seventeenth  Av- 
enues N.  It  crosses  Plymouth  Avenue  two  blocks  east  of  Lyn- 
dale, and  on  reaching  the  valley  of  the  creek  it  turns  westward. 
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but  its  location  cannot  be  further  definitely  traced  owin^  to 
the  prevalence  of  the  drift,  and  the  fact  that  the  surface  becomes 
one  of  a  generally  rolling  character.  It  is  tolerably  certain  that 
it  does  not  cross  the  valley  of  Bassett's  creek,  but  sweeps  round 
by  the  west  and  north  and  unites  with  itself  along  the  south 
side  of  Shingle  creek,  about  two  miles  north  of  the  city  limits. 

The  intimate  connection  which  the  features  and  position  of  the 
Lower  Trenton  areas  bear  to  the  Post-Tertiary,  about  the  Falls  of 
St.  Anthony,  has  led  to  a  more  careful  study  of  history  of  the 
drift,  and  some  further  aUusion  to  this  formation  will  be  found 
under  the  head  of  The  Drift. 

The  Cretaceous. 

Although  the  Cretaceous  tn  situ  has  not  been  seen  in  Hennepin 

•  county,  it  deserves  to  be  named  among  the  formations  of  the 
county  on  account  of  the  important  and  conspicuous  part  it  takes 
in  the  composition  of  the  drift,  and  the  strong  probability  that  it 
does  exist  in  horizontal  strata  below  the  drifk  in  much  of  the 
western  portion  of  the  county.  There  is  no  portion  of  the 
county  in  which  pieces  of  lignite  from  the  Cretaceous  have  not  been 
discovered  ;  and  throughout  the  rolling  area,  where  the  drift  is  a 
close  clay,  the  color  of  the  whole  mass  is,  frequently  perceptibly 
tinged  with  green.  Not  infrequently  pieces  of  green  shale  a  foot 
or  more  in  diameter  are  met  with  along  the  cuts  by  the  roadside 
particularly  in  the  western  part  of  the  county — disintegrated  and 
ready  to  separate  on  the  least  disturbance.  These  of  course  could 
not  have  been  far  transported  by  the  drift  forces.  The  drift  itself 
is  greatly  thickened  by  Cretaceous  debris,  and  is  conspicuously  free 
from  foreign  stones  and  boulders  of  a  more  enduring  nature.  No 
other  Cretaceous  debris  than  pieces  of  green  fissile  shale  and  of 
black  lignite  has  been  recognized,  and  from  these  no  fossils  have 
been  taken. 

Seventeen  years  ago  there  was  some  excitement  in  the  vicinity 
of  Dayton  over  a  reported  discovery  of  coal,  about  two  miles  west 
of  the  village,  in  Wright  county,  by  a  man  named  Charles  Wil- 
liams. Upon  visiting  the  place,  the  excavation  was  found  to  con- 
sist of  two  shafts  sunk  in  the  drift,  now  nearly  refilled.    About 

•  the  place  the  drift  thrown  out  shows  nothing  but  drift  clay  with 
pebbles  of  all  kinds  and  colors.  One  is  said  to  have  been  about 
eighty  feet  deep.  The  general  belief  now  is  that  all  the  coal  that 
was  found  was  brought  for  the  purpose  from   St.  Paul,  as  the 
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owner,  affcer  yainly  attempting  to  sell  his  land,  placed  a  heavy 
mortgage  on  it  and  abandoned  the  country,  allowing  the  sale  of 
the  land  for  the  mortgage.  There  is  certainly  now  no  evidence  of 
the  existence  of  coal,  or  lignite,  in  the  vicinity,  though  there  are 
traces  of  the  Cretaceous  in  the  drift  which  points  to  the  near 
proximity  of  its  layers.  There  is  also  a  reported  exposure  of 
slate"  in  a  ravine  a  mile  or  so  beyond,  but  it  could  not  be  found. 
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NOTES  ON  THE  DEEP  WELL  DRILLED  AT  EAST  MINNEAPOLIS,  MINN., 

IN  1874—1875. 

(From  the  Bulletin  of  the  Mnnesota  Academy  of  Natural  Sciences  for  1875.) 

BY  N.  H.  WIMCHBLL. 


NATURAL  BUBrACX  OT  OBOUKD. 


19 

Band. 

9 

2  S  Blue. 

Limestone. 

g 

>s 

White. 

Sandstone. 

S 

4§ 

Rad. 

Limestone. 

s 

CS 

Gray. 

Limestone 

3es 

•  3 

White. 

Sandstone. 

1 

78 

Bine. 

Shale. 

§ 

88 

White. 

Sandstone. 

i 

«g 

Bloe. 

Shale. 

M 

10  0 

Sandy. 

Limestone. 

867 

11  s 

White. 

Sandstone. 

1 

19  00 

Sandy. 

Marl. 

99B 

13  g 

White. 

Sandstone. 

1 

14  fe 

Red. 

HarL 

16  § 

Red. 

Sandstone  f 

1 

The  accompanying  diagram  of  the 
strata  passed  through,  with  the  desig- 
nations of  the  strata,  was  furnished  by 
Col.  J.  B.  Clough,  City  Engineer,  in 
whose  charge  the  work  was  put  by  th^ 
City  Council  when  money  was  appro- 
priated to  aid  the  enterprise.  This 
occurred  at  the  depth  of  about  1,000 
feet. 

No.  1.  This  sand  is  the  well-known 
loess  loam  of  the  Mississippi  bluffs. 
Though  it  is  represented  here  as  hay- 
ing a  thickness  of  42  feet,  it  shows  less 
than  one-half  that  thickness  along  the 
river  bluff  opposite  the  site  of  the  well, 
less  than  15  rods  distant.  It  is  here 
underlain  by  a  heavy  deposit  of  boul- 
der-clay drift.  It  is  presumable  that 
this  boulder-clay,  which  is  itself  rather 
sandy,  was  penetrated  without  the 
knowledge  of  the  workmen,  since  it  is 
seen  to  extend  as  far  from  the  river  as 
the  site  of  the  well  along  Central  Ave- 
nue and  on  other  streets,  and  is  struck 
uniformly  over  the  East  Division  of 
the  city  in  digging  wells  at  the  depth 
of  ten  to  twenty  feet. 

No.  2  is  the  Lower  Trenton  Lime- 
stone,  embracing  some  layers  of  green 
shale,  and  is  that  which  causes,  in  con- 
junction with  the  St.  Peter  sandstone 
(No.  3,)  the  Falls  of  St.  Anthony. 

No.  3  is  known  as  the*S^.  Pder 
Sandstone.  Its  thicknes,  as  here  de- 
veloped, is  greater  than  observed  at 
any  other  point  in  Minnesota.  It  is 
generally  accredited  with  a  thickness 
of  about  125  feet,  but  here  shows  164 
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feet.  It  is  a  purely  white  sand  with  very  slight  cement  and  very 
little  variation  in  texture  or  grain. 

No.  4  is  known  as  the  Shakopee  Litnestone.  It  has  been  placed  as 
the  uppermost  member  of  the  great  Lower  Magnesian  Forma- 
tion of  Dr.  D.  D.  Owen,  but  perhaps  the  St.  Peter  should  be 
regarded  as  the  uppermost  member  of  that  formation.  Its  color  here 
appears  to  be  nearly  the  same  as  seen  at  Easota,  where  it  is  largely 
wrought  and  sold  under  the  name  of  Kasota  Stone.  Its  thickness, 
102  feet,  is  greater  than  has  been  observed  at  any  other  point 

No.  5  is  designated  a  gray  limestone,  with  a  thickness  of  16  feet. 
It  is  a  new  feature  in  the  lithology  of  the  Lower  Magnesian,  and 
may  belong  to  the  Shakopee. 

No.  6.  Below  the  gray  limestone  is  a  white  sandstone,  similar 
to  the  St.  Peter  above,  with  a  thickness  of  116  feet.  This  can  be 
identified  as  the  Jordan  Sandstone,  so  named  from  Jordan  village 
on  the  Minnesota  river,  above  Shakopee,  where  it  was  first  recog- 
nized as  a  distinct  portion  of  the  Lower  Magnesian. 

No.  7,  which  is  here  denominated  a  blue  shale  having  a  thick- 
ness of  128  feet,  has  not  before  been  recognized  as  a  distinct 
portion  of  the  Lower  Magnesian.  It  occupies  the  place,  in  order 
of  stratification,  of  the  "St.  Lawrence  Limestone,  but  is  not  so 
thick. 

No.  8  is  likewise  an  unknown  stratum. 

No.  9,  in  like  manner,  has  never  before  been  discovered.  It  is 
highly  probable  that,  taken  together,  Nos.  7,  8,  9  and  10  are  the 
actual  equivalents  of  the  St.  Lawrence  Limestone  in  point  of  strati- 
fication, modified  in  character  and  increased  in  thickness  by  prox- 
imity to  the  ancient  Lauren tian  belt  that  lies  but  few  miles  further 
north.  This  would  indicate  the  early  origin  of  the  Minnesota 
spur  of  the  old  Laurentian  belt  or  nucleus  of  North  America, 
as  a  shore  line  along  which  shale  and  sand  were  accumulated  at 
the  same  time  that  limestone  was  being  formed  at  points  more 
remote  in  deeper  water. 

No.  10  pertains  to  the  same  horizon,  and  bears  a  stronger  resem- 
blance to  the  St.  Lawrence. 

Nos.  11,  12  and  13  represent  the  St.  Croix  Sandstone,  but  it  is 
of  less  thickness  than  where  seen  in  the  Mississippi  blujflfe. 

No.  14  may  represent  the  "  Lingula  flags,"  or  the  upper  portion 
of  the  Potsdam  Sandstone. 

No.  15  was  rather  clayey  to  be  designated,  unqualifiedly,  a  sand- 
stone. It  is  undoubtedly  the  upper  portion  of  the  great  series  of 
marls  and  sands  that  characterize  this  horizon  in  Minnesota,  as 
made  known  by  Dr.  Owen,  and  by  him  and  others  referred  to  the 
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age  of  the  Lower  Potsdam  Sandstone  of  New  York.  It  seems  to 
be  the  same  formation  in  which  the  salt  well,  drilled  at  Belle 
Plaine,  stopped  at  the  depth  of  710  feet,  though  much  less  com- 
pact than  where  it  is  exposed  at  the  surface  in  southwestern 
.Minnesota.  It  is  the  same  formation  as  the  rock  that  embraces 
the  well-known  "pipestone  "  or  CaUinite  of  Minnesota. 

The  Ukiversity  of  Mikmtbsota, 

Minneapolis,  May  25,  1876. 

The  Drift. 

In  Hennepin  county  this  deposit  appears  under  still  other  features 
than  those  reported  from  more  southern  counties,  and  consid- 
erable light  is  thrown  on  the  history  of  that  Interesting  epoch  of 
geological  history.  Three  important  £gtcts  respecting  it  can  now 
be  considered  pretty  clearly  established. 

1st.  There  are  two  distinct  glacial  or  hardpan  deposits  in  Hen- 
nepin county. 

2d.  The  limit  of  the  ice  and  moving  drift  of  the  latter  was, 
toward  the  east,  not  far  from  the  present  line  of  the  Mississippi, 
between  Minneapolis  and  Fort  Snelling,  passing  between  Minne- 
apolis and  St.  Paul. 

3d.  The  Falls  of  St.  Anthony  have  receded,  since  the  last 
glacial  epoch,  or  since  the  retirement  of  the  lake-like  expanse  of 
water  that  filled  the  Mississippi  valley,  reducing  the  river  more 
nearly  to  its  present  size,  only  from  the  mouth  of  the  Minnesota, 
at  Fort  Snelling,  a  distance  of  about  nine  miles. 

The  facts  on  which  these  conclusions  are  based  may  be  grouped 
under  three  heads,  as  follows : 

Ist.  Detailed  observcUums  on  the  campositian  of  the  drift, 
ind.  The  geographical  distribution  of  the  different  parts, 
ird.    The  gorge  below  the  falls. 

1.  Detailed  observations  on  the  cwnposUion  of  the  drift  in  the 
vicinity  of  the  Falls  of  St.  Anthony. 

Section  1.    At  the  FaUs  of  St.  Anthony,  near  the  river. 

The  drift-bank  has  been  considerably  excavated  near  McAJester 
College  on  the  east  side  of  the  river  for  use  in  the  repairs  on  tiie 
Falls  by  |he  United  States  Engineers.    As  the  point  of  excavation 
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changes,  thus  successively  revealing  different  parts  of  the  bank, 
the  nature  of  the  whole  may  be  ascertained.  A  common  general 
section  is  as  follows: 

No.  1.    Loam 8  ft.  to  6  ft. 

No.  2.    Stones  and  boulders,  roanded,  sometimes  with  a 

considerable  thickoess  of  sand • 5  ft.  to  15  ft. 

No.  8.    Red  hardpan  clay,  with  stones  and  boulders,  lying 

on  the  rock 10  ft.  to  20  ft. 

In  a  few  places  along  this  excavation  the  color  of  No.  3,  is  not 
so  distinctly  red  or  copper-colored.  It  seems  to  be  lighter,  as  if  it 
had  been  mingled  with  hardpan  of  a  later  date  which  in  much  of 
the  county  is  seen  to  overlie  the  red  hardpan.  This  shading  of 
color  pertains  only  to  the  upper  portion  of  the  deposit.  There 
are  also  places  along  the  same  bank  where  the  light-colored  or  gray 
hardpan  was  deposited  in  considerable  quantities,  and  still  re- 
mains, and  as  the  bank  recedes  a  little  from  the  river  this  light- 
color^  hardpan  occupies  the  inner  and  lower  portion  of  the  main* 
slope  in  such  a  way  as  to  hide  the  red  entirely,  and  give  a  false 
impression  of  its  having  replaced  it.  In  other  places  it  is  seen  to 
lie  directly  on  the  red. 

By  further  and  more  detailed  examination  of  the  same  bank  the 
foregoing  No.  2  is  seen  to  become  separated  into  two  or  three 
pretty  constant  parts.  It  is  sometimes  clayey,  and  of  a  gray 
color.  It  is  sometimes  entirely  made  up  of  gravel  and  sand  with 
belts  of  boulders,  the  alternation  of  parts  being  in  general  expres- 
sed by  the  following : 

Section  2.  Detailed  Section  at  the  Falls  of  St.  Anthopiy,  near  the 
river. 

1.    Loam • • 8  to   6  feet. 

2  (a).    The  gray  sand  and  gravel. . .  • 0  to  10  feet. 

2  rb).    The  gray  stones  and  bonlders 1  to  10  feet. 

2.    The  gray  hardpan Oto    6  feet 

y  8  (a).    The  red  sand  and  gravel • 0  to  10  feet 

8.     <  8  (b).    The  red  stones  and  boaldera 1  to   2  feet. 

V  8.    The  red  hardpan 10  to  26  feet. 

There  are  three  main  parts  or  members.  No.  1  is  never  want- 
ing.  No.  2  is  always  seen  as  far  as  this  excavation  is  concerned, 
but  its  subordinate  parts  are  not  always  all  present.  Very  often 
2  (a)  and  2  (b)  are  the  only  portions  seen;  and  in  other  places  2 
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(a)  is  wanting,  the  only  thing  that  separates  No.  1  from  No.  3 
being  No.  2  (b).  Of  No.  3,  the  red  sand  and  gravel  may  be  absent, 
but  in  no  case  has  the  line  of  red  stones  and  boulders  been  found 
wanting.  The  red  hardpan,  No.  3,  is  the  most  conspicuous  por- 
tion of  the  whole,  and  is  always  present,  rising  sometimes  by  alter- 
nations with  No.  2,  (gray  hardpan  to  near  the  top  of  the  bluff.) 
There  is  in  that  case  always  a  loam  (No.  1)  overlying,  and  a  simi- 
lar mixture  of  red  stones  and  boulders  with  gray,  immediately 
overlying  the  red  hardpan.  The  gray  hardpan  at  this  point  is 
quite  unimportant  as  a  member  of  the  bank,  but  it  is  found  to 
embrace  very  large  boulders,  not  only  of  granite,  but  also  of  the 
Lower  Trenton  formation.  Its  color  is  very  marked  in  contrast 
with  the  red  hardpan.  The  stones  in  it  have  the  appearance  of 
glaciation.  The  red  hardpan  at  this  place  has  not  been  seen  to  em- 
brace a  piece  of  the  Lower  Trenton.  Its  boulders  are  usually  small, 
rarely  exceeding  ten  inches  in  diameter,  while  the  bulk  of  it  has 
only  stones,  less  than  four  inches  in  diameter,  and  of  a  red  color 
and  quartzitic  composition.  '^Greenstone"  as  a  boulder  is  also 
common  in  the  red  hardpan.  The  iron  in  it,  which  causes  the 
color,  is  perooinde,  non-hydrated.  The  iron  in  the  gray  hardpan  is 
hydrated. 

The  drift  surface  on  the  bluffs  along  the  northeast  side  of  the  river, 
at  Minneapolis,  shows  no  gray  hardpan.  The  bluffs  rise  about  one 
hundred  feet,  average,  higher  than  the  top  of  the  foregoing  section 
and  consist,  so  far  as  seen,  of  red  clay  and  gravel.  Toward  the 
southeast,  where  the  St.  Paul  and  Pacific  B.  B.  passes  out  of  the 
valley  of  the  Mississippi,  the  characters  of  the  gray  and  red  are 
mingled  at  first  in  an  overlying  stratum  of  gravel  and  sand,  but 
before  reaching  St  Paul  the  gray  has  entirely  disappeared  so  that 
in  the  bluffs  at  that  place  the  drift  is  all  red  clay,  or  sand,  gravel 
and  boulders  derived  from  red  clay,  the  whole  having  a  character- 
istic prevailing  red  color.  There  are  places  where  the  shales  of 
the  Trenton  have  stained  the  drift  clay  at  St.  Paul,  but  those  are 
low  in  the  valley  and  near  the  river.  The  country  generally  at 
St.  Paul  and  thence  to  Stillwater,  on  the  St.  Croix  river,  fifteen 
miles  east,  on  the  Wisconsin  boundary,  is  everywhere  covered 
only  with  the  red  drift.  This  statement  is  made  without  regard 
to  the  loam  which  is  found  very  generally  over  this  portion  of  the 
state.  Within  the  valley  of  the  Mississippi  at  St.  Paul  the  upper 
portion  of  the  drift  is  affected  by  the  mingling  of  gray  and  red. 
The  following  observations,  made  in  St.  Paul,  belong  to  this  gen- 
eral class  of  facts. 
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Section  3.     On  Sibley  street^  in  St  Paul. 

No.  1.    Loam ; 2  feet. 

No.  2.    Stones  and  gravel,  mostly  limestone,  also  boulders,  large 

stones,  sloping  to  tbe  SE.andE • 12  feet. 

No.  8.    Sand  and  gravel  In  beds  Irregularly  alternating  with  No.  2. 

Some  beds  of  gravel  are  two  feet  thick 10  feet. 

No.  4.    Stones  and  gravel.    In  this  are  some  northern  boulders 

and  limestone  pieces,  also  pieces  of  green  shale ;  the    . 
large  stones  sloping  E.  and  SE 20  feet. 

No.  5.    Bed  sand,  horizontally  and  somewhat  obliquely  stratiiled, 

often  fine  and  clayey... 8  feet. 

No.  6.    Bed  hardpan,  seen •    12  feet. 

No.  6  above  is  often  of  the  color  of  common  red  brick,  and  is 
very  hard  and  compact.  The  stones  in  it  are  apt  to  be  small. 
The  upper  portion  at  least  shows  in  some  instances  a  kind  of  lam- 
ination which  still  holds  stones  and  is  very  sandy.  In  other 
places  it  passes  into  No.  5  gradually.  But  there  is  a  very  sudden 
and  marked  transition  from  No.  4  to  No.  5,  showing  plainly  a  dis- 
tinct deposit  and  a  different  origin.  The  iron  in  No.  4,  and  all  above 
is  hydratedy  giving  the  whole  a  yellowish-gray,  or  olive  cast,  but 
although  No.  5  consists  of  sand,  and  will  admit  water  as  freely  as 
No.  4,  it  has  only  the  red  color  of  non-hydrated  peroxide  of  iron. 
Hence  the  cause  given  for  the  color  of  the  iron  and  of  the  drift 
(and  generally  accepted)  as  in  Ohio,  in  contrasting  the  upper  and 
lower  portions,  is  not  applicable  here.  Nos.  2,  3  and  4  make  sub- 
stantially one  great  deposit,  and  may  come  from  the  disintegration, 
under  glacial  water,  of  the  usual  clayey  drift-sheet  in  the  act  of 
deposition — as  the  whole  locality  is  in  a  low  spot  in  St.  Paul  where 
the  Trenton  is  broken  down  by  some  great  drainage  force.  The 
boulders  and  stones  in  No.  6  are  generally  of  metamorphic  rock, 
there  being  but  very  rarely  a  piece  of  limestone.  What  pieces  there 
are  of  limestone  are  of  some  foreign  formation  not  evidently  of 
the  Lower  Trenton.  The  stones  in  No.  4  are  nine-tenths  of  them 
from  the  Lower  Trenton. 

Descending  from  Sibley  street  toward  Wacouta  street,  and  so 
toward  the  general  centre  of  the  tributary  valley  in  which  these 
excavations  are  made,  Nos.  2,  3  and  4  gradually  taper  out  and 
become  no  thicker  than  three  feet,  and  other  deposits  replace  them 
uncomformably  thus. 
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Section  4,  between  Wacowta  and  Sibley  etreetSf  St.  Paul. 

No.  1.    Loam.... 2to4fiBet* 

No.  3.    Horizontally  stratified  yellow  clay,  varying  to  blae 

near  the  bottom,  with  no  stones  nor  gravel •  2  to  6  ftet. 

No.  8.  The  same  as  Nos.  2,  8  and  4  of  the  last  section,  di- 
minishing In  thickness  from  25  foet  to  2  feet  where 
it  rans  under  the  above  No.  2,  towards  the  lower 
portion  of  the  valley 25  ft.  to2i^et. 

No.  4.  The  same  as  No.  5  of  the  last  section,  red  and 
clayey,  showing  oblique  stratification  along  the 
right  ol  the  cat,  but  horizontal  along  the  left;  at 
the  extreme  right  hand  passing  downward  Into 
No.  5— the  redhardpan 10  feet. 

No.  5.    Stony,  red  hardpan,  seen 5  feet. 

No.  2  becomes,  at  the  crossing  of  Wacouta  street,  about  16  f^t 
thick,  and  continues  horizontally  bedded,  but  with  a  gentle,  gen- 
eral slope  toward  the  N.  E.  or  toward  the  centre  of  the  valley.  Its 
lower  x>ortion  also  changes  to  a  quicksand.  The  gravel  and  sand 
of  No.  3,  of  the  last  section,  lie  sometimes  on  No.  5  without  the 
intervention  of  No.  4.  The  limestone  masses,  as  well  as  the 
granite  boulders  in  No.  3  have  their  angles  rounded  and  decom- 
posed, some  masses  even  falling  to  pieces  in  the  process  of  digging, 
though  this  is  of  course  due  largely  to  the  quality  of  the  rock. 
They  are  all  water-worn  and  stained,  rather  than  glaciated.  The 
limestone  masses  are  generally  changed  in  color  through  and 
through,  as  if  haying  been  water-soaked  in  contact  with  air,  or 
alternately  in  contact  with  air  and  water,  for  a  great  many  years. 
They  are  not  blue  and  fresh  as  water-soaked  specimens  are  from  a 
quarry,  nor  so  well  preserved  as  masses  seen  along  the  gorge  below 
the  Falls  of  St.  Anthony.  There  are  spots  below  Wacouta  street 
where  this  member  (No.  3)  becomes  clayey,  making  a  gray  stony 
hardpan,  resembling  that  which  covers  the  western  part  of  Henne- 
pin county,  but  still  very  gravelly  and  stony.  This  character 
does  not  rise  above  the  lowermost  two  feet,  so  far  as  seen  in  the 
excavations  on  Wacouta  and  Sibley  streets.  Below  Wacouta 
street  the  thick  clay  (No.  2  of  the  last  section)  is  seen  lying  below 
a  layer  of  stones  and  gravel,  and  this  position  can  be  traced  in  the 
opposite  bank  to  some  distance  above  Wacouta  street,  the  clay 
gradually  becoming  thinner  till  it  allows  the  overlying  gravel  and 
stones  to  come  into  contact  with  those  of  No.  3,  the  only  remain- 
ing difference  between  the  upper  and  lower  parts  being  then  adif- 
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ference  in  throw^  or  slope,  of  the  larger  stones,  as  noted  in  Section 
3.  It  is  supposed  to  be  the  equivalent  of  the  brick -clay  at  Minne- 
apolis, at  Lake  Minnetonka  and  at  Carver,  though  it  dees  not 
everywhere  make  brick  of  the  same  color.  It  lies  directly  on  the 
gravel  and  stones  of  No.  3,  with  a  sudden  transition,  indicating 
some  g]:eat  and  sudden  change  in  the  force  depositing  the  material, 
followed  again  by  a  revival  of  the  former  drainage  force,  giving 
origin  to  the  overlying  course  of  stones  and  gravel.  It  is  wholly 
embraced  within  the  period  of  deposit  of  the  gray  or  later  drift. 

The  exposures  within  the  Mississippi  valley  at  St.  Paul  may  be 
summarized  in  a  general  way  as  follows  : 

Section  No.  5.     Summ&rized  section  of  the  drift  within  the  valley  at 

St.  Paul 


1.  Loam / 3  to  10  feet. 

2  (a).    Gray  sand,  gravel  and  stones 0  to  10  feet. 

2  (^b) .    Fine,  laminated  blue  brick-clay 0  to  1 6  feet. 

2  (c).    Gray  sand,  gravel  and  stones 20  feet. 

2.    Gray  hardpan 2  feet. 

8  (a).    Fine,  laminated  red  sand  or  clay,  the  Tripoli  of 

3.    -{  Stillwater OtolOfeet. 

3  (b).    Red  hardpan 10  to  20  feet. 


I 


Outside  of  the  valley  of  the  Mississippi  near  St.  Paul,  and  within 
the  limits  of  the  city,  the  general  aspect  of  the  drift  is  red,  partic- 
ularly toward  the  east,  the  red  hardpan,  or  its  product,  the  red  sand 
and  gravel,  rising  to  the  tops  of  the  blufiFs,  the  foregoing  No.  2,  of 
the  general  section,  being  absent.  The  red  hardpan  is  sometimes 
locally  modified,  and  is  largely  converted  by  wash  and  drainage  to 
a  coarse  sand,  as  seen  in  the  cuts  near  the  St.  Paul  and  Pacific 
Junction  with  the  West  Wisconsin  Railroad.  Along  the  north 
blufifs  of  the  river  this  character  prevails,  overlain  by  a  thickness, 
usually  not  great,  of  No.  1. 

At  three-quarters  of  a  mile  below  the  University  the  drift  at  the 
rim  bank  consists  as  follows  : 

Section  6.     Three-quatiers  of  a  mile  belotv  the  University. 

1.  Loam ' 6  feet. 

2.  Gravel  and  gravelly  clay 20  feet. 

3.  Red  hardpan  to  the  rock,  perhaps 15  feet. 

At  Minneapolis,  hear  the  west  end  of  the  lower  bridge,  the  driflL 
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consists  *apparen%  of  gray  hardpan,  7  feet,  without  any  trace  of 
the  older  red  drift.  The  same  is  true  at  the  stone  quarries  about 
a  quarter  of  a  mile  further  S.  E. — thus  in  more  detail  at  the  quar- 
ries. 

Section  7.     At  Bank\H  Areiison'$  quarry^  Minneapolis. 


1.  Loam 8  feet. 

2.  Gravel  and  stones,  the  latter  being  mostly  granitic,  but  with  a  ^ 

few  pieces  of  limestone,  varying  to >  12  feet. 

8.    Stony,  gray  hardpan  clay .^. ^ 


Sectim  8.     Corner  of  Washington  avenue  and  Sixth  avenmy  norths 

Minneapolis. 

1.  Loam,  stratification  not  evident;  apparently  passing  down- 

ward into  brick-clay '. 2  to  4  feet. 

2.  Brick-clay I  to  4  feet 

8.    Fine  sand,  lying  unconformably  under  the  last lto4  feet. 

No.  1  contains  calcareous  concretions  as  large  as  peas  and  wal- 
nuts. It  cannot  be  said  to  merge  certainly  into  No.  2,  but  it 
seems  to.  The  stratification  of  No.  2  fades  out  gradually  upward, 
while  the  texture  and  composition  continue  somewhat  into  No.  1, 
becoming  also  yellow,  or  at  last  rich  brown  or  black  when  it  is 
termed  soil.  No.  2,  as  seen  in  this  exposure,  consists  of  a  long 
synclinal,  the  axis  running  nearly  north  and  south,  toward  the 
west,  so  lifted  as  to  disclose  what  it  lies  on,  (No.  3.)  It  is 
quite  calcareous,  showing  concretionary  lumps,  and  coatings,  and 
also  at  a  point  on  Fifth  street,  fresh  water  species  of  shells — though 
the  cut  there  may  be  more  nearly  the  equivalent  of  No.  1.  This 
section  shows  that  the  source  of  the  water  which  spread  the  brick 
clay  was  toward  the  west,  and  that  the  bottom  'on  which  it  was 
spread  was  one  of  stratified  fine  sand  which  increased  toward  the 
west.  This  is  near  the  descent  to  Bassett's  creek,  and  over  the 
St.  Peter  sandstone,  (the  Trenton  having  been  broken  down,)  and 
that  stream  or  its  valley,  had  something  to  do,  probably,  with  the 
sudden  transition  seen  here  from  sand  to  brick  clay.  Although 
there  is  at  one  point  in  this  cut  an  agreement  in  direction  between 
the  strata  of  the  sand  and  those  of  the  clay,  yet  on  close  inspec- 
tion it  appears  that  the  clay  came  on  suddenly. 

At  the  yard  of  the  Uyiion  Brick  Company  (Baxter,  Woodward 
and  M'Nair)  the  clay  is  yellow,  with  some  beds  of  fine  white  sand 
to  the  depth  of  about  eight  feet,  when  it  begins  to  show  blue. 
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Upward  here  it  becomes  a  clayey  loam.  The  strata  have  a  wavy 
outline,  synclinals  and  anticlinals  following  each  other  twice  in 
about  14  rods,  rising  and  falling  six  feet. 

At  Woodbury's  brickyard,  which  is  about  half  a  mile  west  of 
the  Union  Brick  Company's,  within  the  valley  of  Bassett's  creek, 
the  clay  is  underlain  by  a  quicksand  which  furnishes  water  that 
rises  to  within  twelve  feet  of  the  surface.  The  clay  is  about 
forty  feet  in  thickness  and  contains  thin  layers  of  sand,  inter- 
laniinated,  which  becomes  white  on  drying.  The  upper  portion 
gradually  becomes  yellowish  by  exposure  and  the  hydration  lof  the 
iron,  the  lower  portion  being  blue.  There  are  also  in  it  calcareous 
concretions  and  a  few  large  Unio  shells  which  are  very  fragile. 
This  clay  seems  to  occupy  the  valley  of  Bassett's  creek  generally. 
At  the  Sumner  School  house,  which  is  in  the  valley  of  this  creek, 
north  of  Woodbury's  yard,  after  drilling  through  this  clay,  over 
100  feet,  an  artesian  overflow  of  water  was  obtained. 

Passing  across  Bassett's  creek,  on  Western  avenue,  and  ascend- 
ing the  bluffs  on  the  west  side  of  the  creek,  the  drift  is  found  to 
consist  of  the  red  gravelly  hardpan,  covered  by  a  light  loamy  soil. 
The  surface  is  rolling,  with  frequent  springs  and  numerous  lakes. 

At  Richfield  P.  0.,  Minnehaha  creek  runs  about  36  feet  below 
the  general  level  of  the  country,  and  the  banks  are  composed  of 
gravelly,  gray  or  yellow  clay.  No  red  clay  can  be  seen.  But  at 
the  school  house  in  Richfield,  Sec.  18,  on  Minnehaha  creek,  the 
well,  dug,  disclosed  the  red  drift  clay  some  feet  below  the  surface. 
At  the  Edina  Mills  there  is  a  bank  of  drift,  composed  of  clay  and 
gravel  of  the  usual  gray  color,  containing  many  pieces  of  the 
Trenton  limestone. 

On  the  NW.  i  of  Sec.  8  (S.)  Crystal  Lake,  a  cut  in  the  Osseo 
road  shows  the  gray  and  red  hardpan  as  follows: 

Section  9.    NW.  i  Sec.  8  (S.)    Crystal  Lake. 

1.  Gray  or  yellowish  hardpan,  with  few  Cretaceoas  pieces,  and 

acme  boulders. 8  feet. 

2.  Red  hardpan  passing  Into  red  sand  and  gravel  below 6  feet. 

The  red  passes  into  the  yellow  by  a  series  of  blotches  interchang- 
ing one  with  the  other,  as  if  coarsely  mixed.  Even  between  the 
blotches  there  is  a  sudden  change  of  color.  When  the  line  of 
union  is  not  broken  up  into  blotches  the  change  of  color  is  abrupt. 
The  late,  or  gray  hardpan  is  more  calcareous  than  the  older.  The 
appearance  of  the  red  drift  is,  as  if  there  had  been  a  lake,  or  at 
least  a  low  spot  in  it,  prior  to  the  deposition  of  the  gray.  , 
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In  Sec.  16,  Eden  Prairie,  a  out  by  the  road  shows  the  red  drift, 
on  a  low  level,  but  five  or  six  feet  above  the  creek,  while  in  the 
higher  portions  the  gray  only  is  seen. 

Near  the  mill  at  Minnetonka  City  the  old  red  drift  can  be  seen 
in  a  little  excavation  by  the  road,  on  a  level  with  and  near  the 
creek.  It  is  overlain  by  a  course  of  stones  and  gravel,  in  which 
appears  a  piece  of  the  Trenton,  and  that  again  by  the  great  deposit 
of  the  gray  hardpan  generally  over  the  country. 

The  drift  knolls  at  Wayzata  are  of  the  brown  hardpan,  but  occa- 
sionally show  the  red  at  low  levels  where  cut  by  the  roads. 

About  the  west  end  of  Lake  Minnetonka  the  drift  is  very  clayey 
and  has  a  great  proportion  of  Cretaceous  materials.  The  water  of 
wells  is  very  hard. 

The  ridge  which  enters  the  corpdtate  limits  of  Minneapolis 
(Sec.  27)  is  a  spur  from  the  main  drift-bluff  running  along  the 
west  side  of  the  river.  The  most  of  it,  within  the  limits  of  the 
city,  is  of  gray  hardpan  and  gravel,  with  variations  toward  the 
west  and  northwest  toward  the  red  hardpan,  of  which  there  is  a 
considerable  area  extending  to  and  beyond  Cedar  Lake. 

SeCc  36,  Champlin.  The  rolling  land  begins  gradually,  the  tim- 
ber changing  also  gradually.  The  rolling  land  is  stony,  clayey  or 
gravelly,  with  patches  of  sand  as  revea^fed  in  wells,  and  some  places 
of  stratified  clays  near  the  flat  country.  The  stones  are  mostly  gran- 
itic, but  have  among  them,  also,  numerous  large  masses  of  light- 
colored,  fine-grain6d  dolomite,  which  are  burned  for  quick-lime. 
The  ridges  are  said  to  run  generally  S.  W.  and  N.  E.,  but  are  very 
irregular,  with  depressions  and  cross-rjdges.  Water  is  easily  got 
in  wells  at  about  40  feet — sometimes  in  16  or  20. 

At  the  mouth  of  Elm  creek,  near  Champlin,  the  bank  is  exposed 
by  a  recent  wash,  disclosing  the  composition  of  the  plain  on  which 
are  Osseo  and  Brooklyn.  The  upper  portion  of  the  bank,  includ- 
ing the  loam,  is  18  feet,  and  consists  of  coarse  sand,  with  gravel 
and  pebbles  obliquely  stratified,  the  whole  of  a  light  brown  color. 
The  lower  portion — 25  feet — consists  of  red  hardpan  which  con- 
tinues down  to  the  level  of  the  water  of  the  Mississippi. 

In  traveling  the  river  road  from  Champlin  to  Dayton,  a  very 
noticeable  change  occurs  in  the  nature  of  the  surface  drift,  before 
reaching  the  latter  place.  It  becomes  lighter  colored,  shaly  or 
ashy,  with  pieces  of  slate.  About  a  mile  below  Dayton  a  large 
freshet  wash  by  the  roadside,  where  a  creek  enters  the  Mississippi 
river,  shows  an  exposure  of  about  35  feet  of  pebbly  clay  of  a  light, 
gray  color,  with  pieces  of  slate,  and  an  occasional  boulder  near 
the  bottom,  underlain  by  a  sand  of  the  same  color,  20  feet  thick, 
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varying  to  very  fine  or  clayey,  stratified,  which,  washing  out 
easily,  causes  the  downthrow  of  large  masses  of  the  clay,  both  in 
the  creek  gorge  and  along  the  river  blufif.  No  red  drift  is  visible. 
The  surface  about  is  rolling,  with  occasional  boulders. 

At  Dayton  the  general  character  of  the  surface  is  of  the  gray, 
or  ashen,  slaty,  rolling  hardpan.  Along  the  bank  of  Crow  river 
the  drift  is  exposed  in  a  good  section. 

Section  10.     At  Dayton, 

1.  Siratifled  ilDe  sand  and  clay 10  feet. 

2.  Bine  drift  hardpan 25  to  80  feet. 

8.    Red  drift  hardpan 8  to  10  feet. 

In  No.  2  are  many  fragments  of  Cretaceous  slate,  sidorite,  iron 
concretions,  (covered  with  gravel  and  cemented  by  iron  rust,) 
granitic  pebbles,  and  (Devonian  ?)  limestone  masses  which  have 
supplied  a  gredt  deal  of  quick-lime,  and  an  occasional  large  granite 
boulder.  In  No.  3  are  a  great  many  small  greenstone  and  quartzite 
stones,  and  but  few  that  are  large,  also  many  granitic  stones. 
Along  the  bank  of  the  river  a  piece  of  native  copper  about  the 
size  of  a  hickory -nut  was  found  by  James  Beam. 

At  the  old  bridge  on  Sec.  18,  Hassan,  or  a  few  rods  below  it,  on 
the  right  bank  of  Crow  ,river,  is  a  deposit  of  coarse  crag, 
three  feet  thick,  comprising  the  pebbles  and  stones  that  were 
washed  out  of  the  old  red  hardpan.  It  dips  a  little  to  the  east, 
and  shows  as  a  persistent  layer  for  30  or  40  rods,  causing  a  terrace 
in  the  surface  of  the  alluvium  of  the  flood  plain,  and  rising,  at  the 
bridge,  about  18  feet  above  the  river,  beyond  which  it  seems  to 
strike  inland  and  is  lost.  It  also  appears  on  the  opposite  side  of  . 
the  river  above  the  bridge.  In  the  opposite  direction  it  finally 
runs  down  to  the  level  of  the  river,  eastward,  and  disappears.  It 
has  been  used  by  Mr.  Hoag  for  underpinning  for  his  house. 

About  the  lakes  (Mother,  Amelia,  Calhoun,  ftc".,)  the  country  is 
rolling,  but  is  less  so  toward  the  southeast  part  of  that  tract;  in- 
deed the  rolling  area  gradually  dies  away  into  the  plain  in  some 
parts  of  Richfield  so  that  its  eastern  margin  is  not  so  marked.  On 
the  plain  the  soil  and  the  subsoil  is  gravelly  or  sandy,  very  rarely 
stony.  The  same  is  true  of  the  rolling  tract  about  Diamond  Lake. 
There  are  no  stones  in  the  fields  nor  about  the  lake  shores.  This 
seems  to  indicate  the  agency  of  water  rather  than  of  ice  in  piling 
up  these  outer  knolls,  and  in  spreading  the  gravel  of  the  plain. 
Minnehaha  creek  has  a  gravelly  bottom  all  the  way  below  Rich- 
field, at  least. 
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Through  sections  20  and  19,  in  the  southern  part  of  Blooming- 
ton,  the  hardpan  drift,  on  the  north  side  of  the  Ferry  road,  rises 
above  the  flat  on  which  the  road  runs,  with  the  appearance  of  a 
terrace,  and  is  wooded  with  oaks,  aspens  and  iron  wood.  For  some 
distance  the  terrace-like  level  on  the  surface  of  the  hardpan  is 
about  half  a  mile  north  of  the  road,  and  rises  about  40  or  50  feet. 
It  is  stony  with  occasional  boulders,  becoming  more  rolling  further 
north. 

At  Bloomington  Ferry  the  river  runs  near  to  the  hardpan  bank 
on  the  north  side.  The  bank  rises  140  feet  above  the  water  in 
summer.  This  is  about  the  average,  the  top  of  the  hardpan  being 
of  irregular  outline.  This  includes  the  "terrace"  of  hardpan  men- 
tioned in  sections  20  and  19.  That  terrace  appears  to  approach 
the  river  here.  The  surface  farther  back  is  still  higher,  and  indeed 
continues  to' ascend  with  an  irregular  contour.  The  hardpan  is 
yellowish  brown  or  gray,  and  gravelly  near  the  top,  but  also  has 
afforded  some  large  granite  boulders,  that  now  lie  in  the  street 
near  the  ferry,  and  others  that  are  on  the  beach  below  the  ferry. 
The  Minneapolis  and  Chaska  brick-clay  is  seen  also  at  the  ferry, 
and  some  years  ago  supplied  a  red  brick  seen  in  the  house  of  Mr. 
Chadwick.  Within  a  mile  and  a  half,  toward  Eden  Prairie,  the 
surface  rises  apparently  about  100  feet  higher. 

The  well  of  Mr.  J.  Miller,  N.  W.  i  sec.  9,  Crystal  Lake,  was 
dug  March,  1875,  by  Mr.  J.  G.  Sommers,  who  gives  the  following 
section : 

Section  11.     N.  W.  i  Sec.  9,  Crystal  Lake. 

1.  Loam 1  foot. 

2.  YeUow  hardpan,  with  little  stones 5to   6  feet. 

8.    *(Blae  black  clay'*  with  no  stones  nor  bedding;  **0De 

solid  mass."  This  had  sticks  at  different  depths,  and 
small  pieces  of  Cretaceous  coal,  bat  positively  no  stones. 
Small  qnantities  of  water  were  met  at  15  feet  below  the 
surface,  and  again  at  25  feet 45  feet. 

4.  Sand,  boulders  and  gravel,  all  mixed ;  clean,  with  no  clay. 

Some  of  the  boulders  being  very  large 3  feet. 

5.  Light  clay  (even  lighter  than  No.  2)  with  small  stones  but 

no  boulders ;  nothing  red  about  it 19  Oeet. 

6.  Mixed  stones  and  gravel ;  cemented 1  foot. 

7.  Sand  with  water • 2  feet. 

8.  Blue  limerock;  rough,  not  polished  nor  scratched;  depth 

ofwell 76feet. 
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At  Charles  Grotjann's  old  brickyard,  in  Upper  St.  Anthony, 
the  clay  contains  lumps  and  concretions  of  clay,  and  also  the  usual 
limy  concretions.  The  most  interesting  feature  at  this  point  is 
the  jamming  and  folding  to  which  this  otherwise  regularly  lam- 
inated brick-clay  has  been  subjected.  There  is  a  thrust-up  place 
near  the  river,  at  the  brickyard,  which  shows  these  laminations 
crumpled  and  broken,  with  a  sudden  transition  upward  into  gravel 
and  sand,  which  is  unconformably  stratified.  This  might  possibly 
have  been  done  by  floating  ice  in  the  river  at  some  earlier  stage 
of  the  valley  when  the  river  may  have  covered  this  level  which  is 
15  or  18  feet  higher  than  the  usual  freshet  rise  of  the  water.  Yet 
it  hardly  seems  attributable  to  that  cause,  since  it  is  not  only  cov- 
ered with  the  loam,  which  is  referable  to  that  last  high  stage,  in 
undisturbed  continuity,  but  is  so  deeply  within  the  bank  that 
crowding  ice  could  hardly  reach  it.  The  terrace  flat  of  Upper  St. 
Anthony,  underlain  by  the  brick-clay,  is  25  feet  higher  than  the 
river. 

The  highest  drift  knolls  in  the  neighborhood  of  Minneapolis  are 
in  Anoka  county,  about  Sec  24  Manomin,  in  the  neighborhood  of 
Sullivan's  and  Moore's  lakes,  but  east  of  them.  They  are  of  red 
drift  clay,  with  gravel  and  granitic  boulders,  yet  the  boulders  are  not 
80  common  as  might  be  expected  from  the' fact  that  these  areas  suf- 
fered the  exposure  and  surface  drainage  incident  to  the  last  glacial 
epoch.  The  soil  is  clayey,  and  loamy,  but  between  the  bluffs  and 
the  river  are  extensive  sandy  flats.  Little  wet  spgts,  even  lakes 
and  swales  which  never  become  dry,  lie  between  these  knolls.  These 
hills  continue  SE.  toward  Bower's  Lake  in  Ramsey  county.  The 
high  hill  north  of  and  near  Bower's  Lake  is  130  feet  higher  than 
the  NE.  corner  of  Moulton's  Nursery,  which  may  be  taken  as  an 
average  height  for  the  hardpan  drift  bluffs  along  the  east  side  of 
th^  river.  From  the  Nursery  to  the  foundation  of  the  University 
is  a  further  descent  of  110  feet;  thence  to  the  river  at  the  Univer- 
sity 137  feet,  making  a  total  descent  from  the  high  knolls  at 
Bower's  to  the  river  below  the  falls,  in  the  rapids  near  the  Uni- 
versity, of  377  feet. 

On  section  12,  Crystal  Lake,  near  the  mouth  of  Shingle  creek, 
in  digging  a  well  for  Mr.  J.  Eesler,  Mr.  0.  E.  Spear  found  a  stick 
as  large  as  his  wrist  in  a  blue  clay,  (the  brick-clay)  that  had  no 
stones  nor  gravel,  about  18  feet  beneath  the  surface. 

On  the  N.  E.  i  sec.  12,  Crystal  Lake,  at  Peterson  and  Swan- 
sen's  brickyard,  this  same  clay  is  manufactured  into  cream  colored 
brick.    It  is  obtained  in  the  immediate  river-bank,  and  runs  appa- 
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rently  beneath  the  river.     It  is  blue,  stoheless  and  horizontally 
stratified. 

Section  13.    N,  E,  i  Sec.  12,  Crystal  Lake,  at  Peterson  atid  Swan- 
sen*  s  Brickyard. 

1.  Loam 8  feet. 

2.  Sand,  gravel  and  pebbles ;  stratlfled ;  sometimes  rasty 4  to  6  feet. 

8 .  Brick-clay ;  blae ;  horizontally  bedded 15  feet. 

4.  Slope  to  the  river;  apparently  clay 15  feet. 

An  ideal  section  of  the  right  bank  of  the  river  at  this  place, 
(near  the  mouth  of  Shingle  creek,)  would  be  as  shown  by  the  fol- 
lowing diagram.  This  is  based  on  the  observed  exposures  of  the 
various  parts  in  such  topographical  positions  as  indicate  its  cor» 
rectness : 
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The  above  figure  represents  the  brick-clay  as  lying  immediately 
on  the  St.  Peter  sandstone,  because  at  that  point  no  drift-clay  can 
be  seen  to  lie  between  them.  It  is  more  probable,  however,  that 
a  deposit  of  drift-clay,  pertiaps  both'the  red  and  the  gray,  runs  be- 
low the  brick-cla}',  as  seeiji  at  St.  Paul ;  or  at  least  that  such  a 
deposit  ante-dated  the  brick-clay,  though  sudsequently  perhaps 
entirely  swept  away. 

Further  information  concerning  the  drift  was  sought  for  in  de- 
vejopments  of  the  common  wells  throughout  the  country.  The 
following  table  shows  the  result : 
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2.     Oeogmphical  distribution  of  the  different  parts. 

(a).     The  red  hardpan. 

This,  which  from  its  position  must  be  regarded  the  oldest  of  the 
different  parts,  is  found  exclusively  in  the  eastern  part  of  the 
county,  and  thence  eastwardly  to  St.  Paul,  and  through  Washing- 
ton county  to  Stillwater.  It  seems  to  be  the  principal  deposit, 
rising  from  immediate  contact  with  the  indurated  rocks  to  the 
surface  of  the  country.  It  is  locally  modified  by  the  loss  of  its 
clay,  so  as  to  consist  almost  entirely  of  coarse  sand  and  gravel,  or, 
in  other  places,  of  stones  and  boulders.  Along  the  main  valteys, 
as  at  St.  Paul  and  at  Stillwater,  its  upper  portion,  to  the  thick- 
ness sometimes  of  twenty  feet,  consists  of  very  fine  clay,  which 
yet  seems  to  contain  a*large  per  cent,  of  silica,  (nearly  75  per  cent, 
according  to  Prof.  Peckham,)  the  whole  derived  doubtless  from  the 
gentle  washing  of  the  red  hardpan.  This  fine  red  clay  has  been 
referred  to  in  a  former  report  as  possibly  pertaining  to  the  Creta- 
ceous. Its  color  is  due  to  non-hydrated  ferric  oxide.  The  red 
hardpan  also  appears  on  the  west  side  of  the  river  at  the  surface 
of  the  drift,  and  constituting  its  principal  mass,  in  the  western 
part  of  the  township  of  Minneapolis,  in  the  rolling  tract  that  em- 
braces lakes  Calhoun  and  Cedar ;  also  northwardly  to  Bassett's 
creek  ;  also,  with  some  modifications  in  much  of  the  townships  of 
Richfield,  Eden  Prairie  and  Minnetonka.  As  a  loam  covers  much 
of  this  part  of  the  county  it  is  not  possible  to  define  the  exact  limit 
of  its  distribution.  There  is  a  rolling  belt  of  small  timber,  (oaks 
and  aspens,)  that  extends  north  and  south  across  this  part  of  the 
county,  which  seems  nearly  to  coincide  with  the  superficies  of  the 
old  red  drift  clay  on  the  west  side  of  the  river.  In  general  that  is 
the  timber  that  characterizes  it  on  the  east  side  of  the  river.  Even 
within  this  area  on  the  west  side  of  the  river  there  are  spots  where 
the  color  of  the  hardpan  is  modified  toward  the  gray  color  ;  and 
other  places  where  there  are  important  deposits  of  gray  hardpan 
overlying  the  red.  This  is  particularly  the  case  in  the  northern 
part  of  Minneapolis,  and  in  Crystal  Lake  townships,  covering  the 
locality  at  which  the  Mississippi  seems  to  have  been  deflected  from 
its  old  channel.  The  extensive  flat  in  eastern  Minneapolis,  Rich- 
field and  Bloomington  townships  is  also  underlain  by  this  red 
hardpan,  but  it  is  also  supplied  with  exteiisive  superimposed  gravel 
deposits,  as  well  as  with  patches  of  unmodified  gray  hardpan. 
The  gray  hardpan  may  be  seen  in  the  immediate  bluffs  of  the  river 
in  some  cases,  both  on  the  west  and  on  the  east  sides,  within  the 
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limits  of  the  city  of  Minneapolis,  but  the  red  is  found  to  lie  nearly 
everywhere,  under  this  flat  as  the  lowest  portion  of  the  drift.  The 
red  extends  under  the  gray  hardpan  an  unknown  distance  west- 
ward. It  is  seen  in  deep  valleys  and  excavations  along  the  central 
portions  of  the  county,  but  with  decreasing  frequency  toward  the 
west  and  northwest,  until  nothing  is  known  of  it,  at  least  within 
the  limits  of  Hennepin  county. 

(b)     The  Gray  Hardpan. 

This  covers  the  greater  part  of  the  county,  gradually  becoming 
thinner  toward  the  east  and  southeast.  Within  the  valley  of  the 
Mississippi  it  extends  at  least  to  St.  Paul,  found  in  the  depressions 
between  the  rock  bluffs,  or  in  the  lower  depressions  in  the  old 
drift-surface.  In  those  areas,  however,  not  embraced  within  the 
river  valley,  nothing  has  been  seen  of  the  gray  hardpan  as  far  east 
as  St.  Paul.  The  gray  hardpan,  or  the  gravel,  sand  and  stones 
that  result  from  its  modification,  seems  to  be  spread  generally  over 
the  upper  flats  and  terraces  that  exist,  from  different  causes,  along 
the  river  below  the  Falls  of  St.  Anthony.  It  begins  to  be  mingled 
with  the  red  drift,  and  finally  to  cover  it  entirely,  within  the  limits 
of  Minneapolis.  The  conspicuous  ridge  of  hardpan  within  the 
city,  (sec.  27,)  is  of  a  gray  color,  but  it  blends  with  the  main  river 
bluffs  toward  the  northwest,  along  the  west  side  of  Bassett's  creek, 
and  loses  its  distinctive  characters.  The  gray  color,  however, 
prevails  on  the  north  and  east  side  of  the  creek,  through  a  rolling 
tract  of  country,  and  into  Crystal  Lake  township— and  thence, 
uninterruptedly,  northwestwardly.  The  gray  hardpan  surface  is 
specially  characterized  by  heavy  timber,  particularly  after  passing 
out  of  the  valley  of  the  Mississippi,  and  thus  beyond  the  area 
liable  to  its  modified  conditions.  It  is  observable  that  the  eastern 
line  of  the  Big  Woods,  properly  so-called,  (i.  e.  comprising  large 
trees  of  Sugar  Maple,  Bitternuts,  Elm,  Bass,  Oaks,  &c.,)  nearly  co- 
incides with  the  eastern  line  of  the  unmodified  gray  hardpan,  and 
approaches  the  Mississippi  river  at  Champlin,  actually  reaching  the 
river  bluff's  a  few  miles  below  Dayton.  This  line  may  be  said  to 
run,  in  general,  from  the  eastern  end  of  Lake  Minnetonka  to  Champ- 
lin. Whatever  gray  hardpan  is  found  to  the  east  of  that  line,  or 
to  the  southeast,  speaking  generally,  seems  to  have  been  mingled 
with  the  red,  and  to  have  lost  much  of  its  clay.  It  is  hence  often 
converted  to  a  gray  gravel  and  sand,  and  is  in  many  places  replaced 
by  red  hardpan  or  by  red  gravel  and  sand.  A  gray  gravel  which 
varies  to  a  hardpan,  is  spread  out  over  the  flat  on  which  Minne- 
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apolis  stands.     This  is  covered  by  the  loam,  and  is  underlain,   by 
the  red  hardpan. 

(c)     The  Brick'Clay. 

This  is  found  particularly  within  the  valley  of  Bassett's  creek, 
and,  above  its  mouth,  in  the  valley  of  the  Mississippi.  It  very 
rarely  rises  above  the  level  of  the  top  of  the  Trenton  terrace,  but 
has  a  thickness,  as  shown  by  the  well  sunk  at  the  Sumner  School 
house,  of  over  100  feet  in  some  places.  A  similar  clay,  supposed 
to  be  of  cotemporaneous  origin,  is  seen  embraced  between 
deposits  of  gravel  and  boulders,  at  St.  Paul,  as  shown  by  the  gen- 
eral section  at  that  place,  and  lying  above  the  gray  hardpan. 
A  similar  stratified  clay  is  found  at  Lake  Minnetonka,  and  at 
Carver,  in  the  valley  of  the  Minnesota. 

The  general  distribution  of  these  parts,  in  the  vicinity  of  Min- 
neapolis, is  shown  by  the  accompanying  map,  but  a  great  many 
details,  and  exceptions  are  disregarded. 

At  Banks  Arenson's  quarry,  on  the  west  side  of  the  river, 
nearly  opposite  the  State  University,  the  gray  hardpan,  which  is 
stripped  oflF  the  rock  for  quarrying,  lies  over  a  glaciated  rock- 
surface,  the  marks  running  N.  NW.  and  S.  SE.  While  these 
marks  correspond  with  the  general  direction  of  the  river  at  this 
point,  their  regularity  and  persistence  over  a  large  surface  preclude 
their  having  been  caused  by  the  action  of  the  water  of  the  river. 
The  quarry  has  also  been  worked  back  from  the  line  of  the  strike 
of  the  bluffs,  and  this  stripping  is  about  four  rods  back  from  the 
old  line.  The  marks  are  also  immediately  overlain  by  a  stony 
hardpan  which  is  of  the  last  glacial  epoch,  being  olive-colored  or 
earthy,  not  red  like  that  which  lies  on  the  rock  generally  on  the 
east  side  of  the  river. 

Glacial  strias  on  Hennepin  Island,  above  the  paper-mill,  run  32^ 
West  of  North,  by  compass. 

When  the  rock-surface  was  exposed  for  the  City  Market,  it  was 
not  striated,  but  polished  and  scratched  promiscuously. 

The  rock-surface  is  said  to  be  glaciated  on  Nicollet  Island,  but 
no  opportunity  has  been  afforded  of  taking  the  direction. 

According  to  Col.  J.  B.  Clough,  of  Minneapolis,  a  piece  of 
native  copper  weighing  70  pounds  was  taken  from  the  drift  in  a 
B.  R.  cut,  on  the  Minneapolis  and  St.  Louis  B.  B.,  about  18  miles 
S.  W.  of  Minneapolis,  in  1872. 

A  piece  weighing  about  two  pounds  was  found  in  the  fall  of 
1874,  in  grading  the  streets  of  Minneapolis. 
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Mr.  W.  D.  Hurlbut  has  also  found  several  pieces  in  the  drift 
near  Rochester,  in  Olmsted  county. 

3.     The  Gorge  below  the  Falls. 

From  the  Falls  to  Fort  Snelling  the  gorge  between  the  rock 
bluffs  is  about  a  quarter  of  a  mile  in  width,  and  the  rock  has  a 
freshly-broken  appearance,  the  large  fragments  thrown  down  by 
the  action  of  the  water,  as  the  falls  receded,  still  existing  in  the 
talus  along  the  bluffs.  Throughout  this  distance  (nine  miles)  the 
rocks  lie  horizontal,  hence  the  recession,  so  far  as  it  depends  on 
that  element,  has  been  of  uniform  rate.  The  hight  of  the  bluff 
above  the  river  remains  also  nearly  the  same  throughout  this 
entire  distance,  increasing  a  little  perhaps  near  Fort  Snelling. 
The  relative  length  of  time  during  which  the  rocks  of  this  gorge 
have  been  exposed  to  atmospheric  forces,  compared  to  that  of  the 
bluffs  below  Fort  Snelling,  or  to  that  in  the  ancient  valley  now 
occupied  by  Bassett's  creek,  is  indicated  by  the  depth  to  which 
they  have  been  weathered  or  stained.  It  is  well  known  that  the 
same  rock  may  present  different  colors  from  the  effect  of  atmos 
pheric  agents.  The  Lower  Trenton,  for  instance,  is  blue  within, 
when  freshly  quarried  at  fresh  exposures.  That  is  the  color  it  has 
in  all  the  quarries  below  the  falls  at  Minneapolis,  and  which 
it  shows  in  deep  quarrying  at  St.  Paul.  This  color  is  met  with 
either  immediately  at  the  surface,  as  at  the  Falls,  or  within  an 
inch  or  two  of  the  surface  as  at  Fort  Snelling.  When  weathered 
long,  the  stained  coating  becomes  thickened.  The  stone  then  is 
either  rusty-buff,  or  yellowish  and  dirty,  resulting  from  the  oxyda- 
tion  and  hydration  of  the  iron  which  it  contains.  This  color 
may  penetrate  to  the  depth  of  several  feet,  depending  on  the 
porosity  of  the  rock,  and  the  length  of  exposure.  At  quarries 
above  the  falls  of  St.  Anthony,  near  the  mouth  of  Bassett's  creek, 
this  stained  condition  is  found  to  penetrate  the  whole  Lower 
Trenton,  the  rock  at  the  same  time  having  become  more  easily 
separable  along  some  of  its  bedding  planes,  and  also  more  firmly 
cemented  by  the  permeation  of  the  iron  through  the  more  sbaly 
parts.  The  same  change  is  visible  in  the  old  river  bluffs  above 
the  falls  where  the  Lower  Trenton  is  wrought  on  the  east  side  of 
the  Mississippi,  opposite  the  mouth  of  Shingle  creek,  and  to  a 
considerable  extent  in  the  quarries  in  Upper  St.  Anthony. 

The  gorge  below  Fort  Snelling,  where  the  Minnesota  and  the 
Mississippi  unite,  is  about  a  mile  wide,  between  the  rock-bluffs;  and 
the  Minnesota  above  Fort  Snelling  has  the  same  width  between 


Digitized  by 


Googi 


176  GEOLOGICAL  AND  NATURAL  fflSTOBY 

the  rock-bluffs.  Besides  the  aspect  of  greater  age,  as  indicated  by 
the  greater  change  of  color  in  the  rock  below  Fort  Snelling",  the 
bluffs  tjiemselves  are  smoothed  and  the  rock  hid  by  drifk  and  loam 
since  the  action  of  the  river  ceased.  The  top  of  the  rock  along 
the  gorge  above  the  fort  is  surmounted  with  a  thickness  of  drift 
gravel  and  clay,  which  shows  a  section,  as  cut  by  the  river,  con- 
tinuous, perpendicularly,  with  the  rock-bluff  itself.  This  thick- 
ness of  drift  is  nearly  uniform  from  the  Port  to  the  Palls,  and  indi- 
cates the  spreading  of  the  drifk  before  the  recession  of  the  Palls  ; 
but  below  Port  Snelling  (with  a  single  exception,  to  be  noted,) 
the  rock-bluff  is  generally  hid  by  a  subsequent  accumulation  of 
drift.  The  same  is  true  of  the  bluffs  of  the  Minnesota  above  the 
Port.  This  subsequent  accumulation  is  so  abundant  above  the 
Port  along  the  Minnesota,  that  the  strike  of  the  Trenton  limestone 
is  totally  hid  within  less  than  a  mile. 

The  direction  of  the  Mississippi  changes  at  Port  Snelling,  mak- 
ing a  right  angle,  from  S.  E.  to  N.  E.,  but  the  change  is  caused 
by  its  entering  the  wide  gorge  which  runs  in  that  direction.  The 
wide  valley  in  which  the  Minnesota  runs  is  out  of  proportion  with 
the  amount  of  water  which  it  carries,  but  its  valley  continues  of 
the  same  width,  and  in  the  same  direction  beyond  the  confluence 
of  the  Mississippi,  the  valley  taking  the  latter  name. 

Below  Port  Snelling,  opposite  the  mouth  of  the  Minnesota,  is  a 
low,  long,  alluvial  island,  (Pike  Island,)  running  to  a  point  down- 
stream. The  existence  of  this  island,  which  lies  in  the  wide  gorge, 
and  which  must  have  been  formed  since  the  excavation  of  the 
gorge,  points  directly  to  some  force  not  now  existing  ;  since  the 
joint  action  of  the  two  streams  imiting,  instead  of  accumulation, 
would  be  the  reverse  under  normal  conditions.  If  the  volume  of 
the  two  rivers  were  to  be  increased  so  as  to  have  sufficient  mo- 
mentum to  move  the  substructure  of  Pike  Island,  the  result  would 
be  the  gradual  destruction  and  removal  of  the  island,  instead  of  its 
increase.  The  retardation  of  the  current  causes  it  to  drop  sedi- 
ment, but  when  two  streams  unite,  the  current  is  not  retarded, 
but  generally  by  reason  of  closer  confinement  in  a  proportionately 
narrower  channel,  it  is  increased. 

The  right  bank  of  the  Mississippi,  just  below  the  confluence  of 
the  two  streams,  shows,  for  about  half  a  mile,  a  fresh  erosion  of 
the  rock-bluff  similar  to  that  of  the  bluffs  above  the  fort,  the  cur- 
rent of  the  river  having  been  driven  against  that  bank  so  as  to 
undermine  the  limerock  and  cause  its  downfall.  This  is  opposite 
the  point  at  which  the  Mississippi  enters  the  wide  gorge.     Pike 
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Island  lies  alongside  of  it,  and  between  it  and  the  debouchure  of 
the  Mississippi  into  the  wide  gorge. 

Above  the  mouth  of  Bassett's  creek  the  Mississippi  runs  between 
rock-blufifs  of  the  same  kind  as  those  below  Fort  Snelling.  They 
are  about  a  mile  apart  and  show  all  theaboye  named  indications 
of  greater  age.  They,  however,  rise  but  about  thirty  or  forty  feet 
above  the  river,  and  are  buried  under  the  loam,  or  under  the  drift 
and  loam.  This  old  valley  continues  southwardly  by  way  of  Bas- 
sett's  creek,  and  its  course,  as  supposed,  is  expressed  on  the  accom- 
panying map  of  the  region,  drawn  on  a  scale  of  one  inch  to  one 
mile.  This  old  valley  was  cut  down  into  the  St.  Peter  sandstone 
over  one  hundred  feet,  since  it  has  been  drilled  into  at  the  Sum- 
ner Schoolhouse  in  Minneapolis  without  striking  rock,  to  even  a 
greater  depth  than  that. 


From  the  foregoing  facts  the  following  interesting  history  may 
be  read.  It  is  believed  that  the  glacial  theory  of  L.  Agassiz,  and 
nothing  but  that,  will  explain  the  grand  changes  which  this  his- 
tory relates.  * 

Prior  to  the  last  glacial  epoch  the  Mississippi  river  did  not  run 
over  the  Trenton  limerock  at  all,  hut  passed,  in  a  wide,  deep  val- 
ley, silnilar  to  that  which  it  now  occupies  below  Fort  Snelling,  by 
way  of  the  valley  of  Bassett's  creek,  and  lakes  Calhoun,  Harriet 
and  others,  along  the  western  side  of  the  Trenton  area,  and  joined 
the  Minnesota  at  some  point  above  Fort  Snelling,  but  probably 
between  Shakopee  and  Fort  Snelling.  The  country  was  then  cov- 
ered with  the  drift  of  an  older  glacial  epoch,  and  was  probably 
timbered  with  species  of  trees  the  same  as  those  now  living. 

As  the  last  glacial  epoch  approached,  the  transport  of  drift  ma- 
terial was  from  the  northwest.  After  the  closing  of  the  north- 
ward outlet  of  the  Winnipeg  waters  by  the  accumulated  ice  and 
the  perpetual  winter,  they  were  drained  southwardly  through  the* 
valley  of  Big  Stone  lake  and  Lake  Traverse,  into  the  Minnesota 
valley,  and  thence  into  the  Mississippi,  past  the  site  of  Fort  Snell- 
ing. Their  volume  was  augmented  not  only  by  the  proper  volume 
of  the  Minnesota  itself,  but  by  the  dissolution  of  the  ice  of  the 
glacier  that  gradually  crept  over  the  state  from  the  north,  and 
northwest,  as  it  arrived  in  latitudes  too  genial  for  the  existence 
of  ice. 

The  land  ice  not  only  disrupted  the  old  drift  surface  and  distrib- 
uted  its  material  as  it  moved  on,  but  also  gathered  a  great  deal  of 
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the  bed-rock  itself,  particularly  of  the  Cretaceous.  This  Cretace- 
ous debris,  being  abundant  and  easily  transported,  gave  its  own 
shaly  color  to  the  drift  with  which  it  was  mingled,  and  even 
stamped  on  the  clay  of  this  drift  period  a  peculiar  and  character- 
istic quality,  thus  rendering  it  easily  distinguishable  from  the 
older  drift  which  was  of  a  red  color  and  charged  with  small  red 
or  green  stones,  with  few*  granite  boulders.  The  later  drift  con- 
tains more  numerous  larg6  granite  boulders  than  the  older.  Round 
the  southern  limit  of  the  land  ice,  the  old  red  drift  was  thrown  up 
into  hills  and  ridges  and  shoved  into  old  valleys,  and  locally  mixed 
with,  or  covered  by,  the  gray  drift  of  the  later  period. 

In  the  valleys,  particularly  those  having  a  southward  drainage, 
the  gray  drift  was  transported  most  freely  and  distributed  most 
widely,  partly  by  the  agency  of  the  abundant  water.  The  Minne- 
sota was  much  larger  than  the  Mississippi,  and  the  Mississippi 
was  niuch  larger  than  it  is  now.  Large  quantities  of  floating  ice 
would  also  pass  down  these  streams,  carrying  from  the  glacier, 
^nes  and  gravel,  distributing  them  on  the  then  flood-plains,  the 
jiow  gravelly  terraces  of  the  Mississippi. 

The  margin  of  the  ice  did  not  extend  across  the  Minnesota  into 
Dakota  county. — At  least  it  did  not  ebstruct  the  Minnesota  river 
so  as  to  permanently  divert  it  from  its  course,  and  certainly  did 
not  reach  far  south  of  that  river,  since  the  isolated  oOtliers  of  the 
St.  Peter,  (as  Castle  Bock,)  round  whose  bases  the  older  drift  lies, 
were  not  destroyed.  The  ice  choked  up  the  old  valley  of  the  Mis- 
sissippi below  the  mouth  of  Bassett's  creek,  and  filled  it  with 
drift  clay,  the  river  itself  being,  at  the  acme  of  the  cold,  reduced  to 
smaller  dimensions  by  the  contraction  of  the  field  drained,  and  by 
the  changed  topography  of  the  country  toward  the  north.  The 
river  was  thus  forced  to  pass  round  the  eastern  foot  of  the  ice 
further  to  the  southeast,  aUke  of  standing  water  perhaps  covering 
the  valley  which  it  had  abandoned,  and  setting  back  into  a  portion 
of  the  valley  still  occupied.  This  water,  fresh  from  the  glacier, 
was  very  muddy,  and  gave  origin  to  the  brick-clay  that  lies  in  its 
old  valley,  as  shown  by  the  accompanying  map  showing  the  sur- 
face geology. 

The  Mississippi,  thus  forced  out  of  its  old  channel,  after  rising 
to  the  level  of  the  limerock  of  the  Lower  Trenton,  ran  over  the  rock, 
to  reach  the  same  valley  again  by  plunging  over  the  precipice  at 
Fort  Snelling,  thus  giving  birth  to  the  Falls  of  St.  Anthony.  In 
reaching  that  point  it  had  crowded  on  to  the  old  drift  bluffs  along 
the  east  side  of  the  river,  driving  them,  by  erosion,  further  toward 
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the  east,  while  the  old  valley  itself  served  to  retard,  and  even  to 
limit,  the  transportation  of  the  drift  clay  toward  the  east. 

Later,  as  the  volume  of  the  river  increased  by  the  dissolution  of 
the  ice  and  the  opening  of  the  tributary  valleys  as  it  withdrew, 
the  waters  spread  over  the  whole  area  from  the  line  of  the  old  drift 
bluffs  on  the  east,  to  the  recently  made  moraines  along  its  west 
banks,  receiving  and  distributing  not  only  gravel  and  sand  over 
the  whole  broad  valley,  as  at  Minneapolis,  but  also  large  quantities 
of  the  gray  hardpan  clay. 

It  was  at  this  time  that  Pike  Island  began  to  form  ;  and  also 
that  the  current  of  the  Minnesota  was  carried,  by  the  added  mo- 
mentum of  the  Mississippi,  against  the  opposite  bluffs  below  Man- 
kato,  so  as  to  produce  new  exposures  of  the  sand  and  limerock. 

The  Falls  must  have  begun  at  Fort  Snelling  near  the  acme  of 
the  cold,  as  the  effect  of  the  ice  is  not  important  at  any  points 
south  or  east  of  the  mouth  of  Bassett 's  creek.  They  have  occupied 
the  interval  of  time  elapsed  since  then  in  receding  to  their  present 
position.  Were  it  possible  to  establish  a  unit  of  recession  for  a  cal  - 
culation,  the  length  of  that  interval  could  be  computed.  The  rate 
has  been  much  greater  since  the  construction  of  dams  and  mills, 
diverting  the  water,  or  concentrating  it  at  points  ;  and  hence  the 
data  of  recession  since  the  permanent  occupancy  of  the  region,  are 
valueless  for  this  purpose.  The  only  other  means  of  estimating 
the  rate  of  natural  recession  is  to  employ  the  statements  of  the 
early  travelers  who  have  described  the  Falls.  Their  discoverer  was 
Father  Louis  Hennepin.  In  returning  from  his  captivity  among 
the  Dakotas,  h^  saw  the  Falls  in  July,  1680,  and  briefly  describes 
them  as  follows:  "This  fall  is  forty  or  fifty  feet  high,  divided  in 
the  middle  by  a  rocky  island  of  pyramidal  form. ' ' 

"In  ascending  this  river  ten  or  twelve  leagues,  navigation  is  in- 
terrupted by  a  fall,  which  we  named  in  honor  of  St.  Anthony  of 
Padua,  whom  we  had  chosen  as  patron  of  our  enterprises.  This 
fall  is  50  or  60  feet  in  hight,  and  has  an  island  of  rock,  in  the  form 
of  a  pyramid,  in  the  middle  of  the  chute."  (See  the  Amsterdam 
edition  of  Hennepin's  works,  1704,  chapter  44,  p.  819.)  A  trans- 
lation of  Hennepin's  narration  is  found  in  the  Historical  CoHec- 
Hans  of  Louisiana^  Part  IV,  in  which  he  gives  "40  or  50"  feet  as 
the  hight  of  the  fall. 

In  the  London  edition  of  Carver's  journal,  1778,  p.  69,  Carver 
thus  describes  the  Falls  of  St.  Anthony,  as  he  saw  them  in  1766  : 
"  This  amazing  body  of  waters,  which  are  above  250  yards  over, 
form  a  most  pleasing  cataract;  they  fall  perpendicularly  about  30 
ft.,  arid  the  rapids  below,  in  the  space  of  300  yards  more,  render 
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the  descent  considerably  greater.  *•••*♦  jj^  j;}^^  mid- 
dle of  the  falls  stands  a  small  island,  about  40  feet  broad,  and  some- 
what longer,  on  which  grew  a  few  cragged  hemlock  and  spruce 
trees;  and  about  half  way  between  this  island  and  the  eastern 
shore  is  a  rock  lying  at  the  very  edge  of  the  fall  in  an  oblique  po- 
sition, that  appeared  to  be  about  five  or  six  feet  broad,  and  30  or 
40  long.  *  *  *  *  At  a  little  distance  below  the  falls  stands  a 
small  island,  of  about  an  acre  and  a  half,  on  which  grow  a  great 
number  of  oak  trees,  every  branch  of  which,  able  to  support  the 
weight,  was  full  of  eagles'  nests." 

The  engraving  accompanying  this  description  is  that  seen  in 
Wmterbottoin's  America^  and  is  reproduced  in  Harper's  NewMmith- 
ly  Magazine  for  October ,  1875,  and  wrongly  attributed  to  Father 
Hennepin.  Carver's  original  engraving  shows  an  island  above  the 
falls,  which  is  omitted  in  the  copy  in  Harper's.  Carver  states  on 
the  engraving  that  the  breadth  of  the  fall  is  about  600  feet.  This  en- 
graving shows  an  insignificant  island  just  in  the  brink  of  the  falls, 
extending  neither  below  nor  above  the  falls,  and  an  apparently 
detached  block  of  limerock  lodged  on  the  brink  between  it  and  the 
eastern  (or  northern)  shore.  In  the  stream  below  the  falls  is  rep-  . 
resented  a  larger  low  island,  not  rocky,  but  alluvial,  nearly  circu- 
lar, and  covered  with  timber. 

Lieut.  Z.  M.  Pike  visited  the  falls  of  St.  Anthony  Sept.  30, 1805. 
His  journal,  published  in  London  in  1811,  is  entitled:  Exploratory 
Travels  through  the  Western  Territories  of  North  America  in  1806- 
6-7.  He  says  of  the  falls:  "The  Falls  of  St.  Anthony  did  not 
strike  me  with  that  majestic  appearance  which  I  had  been  taught 
to  expect  from  the  descriptions  of  other  travelers.  On  an  actual 
survey  I  find  the  portage  to  be  260  poles,  but  when  the  river  ia 
not  very  low,  boats  ascending  may  put  in  31  poles  below  at  a  large 
cedar  tree,  which  would  reduce  it  to  229  poles.  The  hill  on  which 
the  portage  is  made  is  69  ft.  ascent,  with  an  elevation  at  th^  point 
of  debarkation  of  45°.  The  fall  of  the  water  between  the  point  of 
debarkation  and  of  re-loading  is  58  feet;  the  perpendicular  fall  of 
the  chute  is  16i  feet;  the  width  of  the  river  above  the  chute  627 
yards,  below  209.  In  high  water  the  appearance  is  much  more 
sublime,  as  the  great  quantity  of  water  then  forms  a  spray  which 
in  clear  weather  reflects  from  some  positions  the  colors  of  the  rain- 
bow, and  when  the  sky  is  overcast,  covers  the  falls  in  gloom  and 
chaotic  majesty." 

Major  Stephen  H.  Long  visited  the  Falls  of  St.  Anthony  in  a 
six-oared  boat  in  1817.  His  journal,  which  was  not  published  tiU 
1860,  and  then  by  the  Minnesota  Historical  Society,  gives  a  more 
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minute  description  of  the  Falls  than  that  of  any  of  his  predeces- 
sors. The  courtesj^  of  Rev.  E.  D.  Neill  renders  it  possible  to  give 
a  transcript  from  this  rare  document.*  "The  perpendicular  fall 
of  the  water  at  the  cataract,  as  stated  by  Pike  in  his  journal,  is 
sixteen  and  a  half  feet,  vrhich  I  found  to  be  true  by  actual  meas- 
urement. To  this  hight,  however,  four  or  five  feet  may  be  added 
for  the  rapid  descent  which  immediately  succeeds  the  perpendicular 
fall  within  a  few  yards  below.  Immediately  at  the  cataract  the 
river  is  divided  into  two  parts  by  an  island  which  extends  consid- 
erably above  and  below  the  cataract,  and  is  about  five  hundred 
yards  long.  The  channel  on  the  right  side  of  the  island  is  about 
three  times  the  width  of  that  on  the  left.  The  quantity  of  water 
passing  through  them  is  not,  however,  in  the  same  proportion,  as 
about  one-third  part  of  the  whole  passes  through  the  left  channel. 
In  the  broadest  channel,  just  below  the  cataract,  is  a  small  island 
also,  about  fifty  yards  in  length  and  thirty  in  breadth.  Both  of 
these  islands  contain  the  same  kind  of  rocky  formation  as  the 
banks  of  the  river,  and  are  nearly  as  high.  Besides  these  there 
are  immediately  at  the  foot  of  the  cataract  two  islands  of  very 
inconsiderable  size,  situated  in  the  right  channel  also.  The  rapids 
commence  several  hundred  yards  above  the  cataract,  and  continue 
about  eight  miles  below.  The  fall  of  the  water,  beginning  at  the  head 
of  the  rapids,  and  extending  two  hundred  and  sixty  rods  down  the 
river  to  where  the  portage  road  commences,  below  the  cataract,  is, 
according  to  Pike,  fifty -eight  feet.  If  this  estimate  be  correct 
the  whole  fall  from  the  head  to  the  foot  of  the  rapids,  is  not  prob- 
ably much  less  than  one  hundred  feet.  But  as  I  had  no  instru- 
ment sufficiently  accurate  to  level,  where  the  view  must  necessa- 
rily be  pretty  extensive,  I  took  no  pains  to  ascertain  the  extent  of 
the  fall.  The  mode  I  adopted  to  ascertain  the  hight  of  the  cata- 
ract was  to  susi^end  a  line  and  plummet  from  the  table  rock  on 
the  south  side  of  the  river,  which,  at  the  same  time,  had  very  little 
water  passing  over  it,  as  the  river  was  unusually  low." 

Beltrami  in  1823 1  thus  describes  the  Falls  :  "Seated  on  the  top 
of  an  elevated  promontory,  I  see,  at  half  a  mile  distance,  two 
great  masses  of  water  unite  at  the  foot  of  an  island  which  they 
encircle,  and  whose  majestic  trees  deck  them  with  the  loveliest 
hues,  in  which  all  the  magic  play  of  light  and  shade  are  reflected 
on  their  brilliant  surface.     From  this  point  they  rush  down  a 

*  Foyo^  of  a  Hx-oar§d  9hiff  to  th€  FaiU  of  St.  Anthonif  in  1817,  fry  M<nfor  Sttphen  E.  Long, 
T.  &,  U,  8,  A. 

t  A  Pilgrimage  in  Europe  and  America,  leading  to  the  dieeovery  of  the  eourcee  of  the 
MiseUeippi  and  Bloody  river.    J.  O.  Beltrami.    London,  1886.    Vol,  2,  p.  206. 

Digitized  by  VjOOQ IC 


182  GEOLOGICAL  AND  NATURAL  HISTOBT 

rapid  descent  about  200  feet  long,  and,  breaking  against  the  scat- 
tered rocks  which  obstruct  their  passage,  they  spray  up  and  dash 
together  in  a  thousand  varied  forms.  They  then  fall  into  a  trans- 
verse basin,  in  the  form  of  a  cradle,  and  are  urged  upward  by  the 
force  of  gravitation  against  the  side  of  a  precipice  which  seems  to 
stop  them  a  moment  only  to  increase  the  violence  with  which 
they  fling  themselves  down  a  depth  of  twenty  feet.  The  rocks 
against  which  these  great  volumes  of  water  dash,  throw  them 
back  in  white  foam  and  glittering  spray  ;  then  plunging  into  the 
cavities  which  this  mighty  fall  has  hollowed,  they  rush  forth 
again  in  txmiultuous  waves,  they  once  more  break  against  a  great 
mass  of  sandstone  forming  a  little  island  in  the  midst  of  their 
bed,  on  which  two  thick  maples  spread  their  shady  branches." 

Keating,  who  narrates  Maj.  Long's  Expedition  in  1823,  says, 
(Vol  II,  p.  306.) 

"  On  the  6th  of  July  we  walked  to  the  falls  of  St.  Anthony,  which 
are  situated  nine  miles  (aldng  the  course  of  the  river,  seven  by 
land)  above  the  fort.  The  first  glimpse  which  we  caught  of  the 
fall  was  productive  of  disappointment,  because  it  yielded  but  a  par- 
tial view,  but  this  was  amply  redeemed  by  the  prospect  which  we 
obtained  of  it  when  the  whole  fall  opened  itself  before  us.  We 
then  discovered  that  nothing  could  be  more  picturesque  than  this 
cascade.  We  had  been  told  that  it  appeared  like  a  mere  mill-dam, 
and  we  were  apprehensive  lest  a  fall  of  sixteen  feet  would  lose  all 
its  beauty  when  extended  upon  a  breadth  of  several  hundred  yards; 
but  we  soon  observed  that  this  was  by  no  means  the  case.  The 
irregular  outline  of  the  fall,  by  dividing  its  breadth,  gives  a  more 
impressive  character.  An  island,  stretched  in  the  river  both  above 
and  below  the  fall,  separates  it  into  two  unequal  parts,  the  east- 
ern being  two  hundred  and  thirty  yards  wide,  and  the  western 
three  hundred  and  ten.  The  island  itself  is  about  one  hundred 
yards  wide.  From  the  nature  of  the  rock,  which  breaks  into  an- 
gular, and  apparently  rhomboidal,  fragments  of  a  large  size,  this 
fall  is  subdivided  into  small  cascades,  which  adhere  to  each  other 
so  as  to  form-  a  sheet  of  water  unrent,  but  composed  of  an  alterna- 
tion of  retiring  and  salient  angles,  and  presenting  a  great  variety 
of  shapes  and  shades;  each  of  these  forms  in  itself  a  perfect  cas- 
cade, but  when  taken  together  in  one  comprehensive  view  they 
assume  a  beauty  of  which  we  could  have  scarcely  deemed  them 
susceptible.  **••♦»**•  Concerning  the  hight  of 
the  fall,  and  breadth  of  the  river  at  this  place,  much  incorrect  in- 
formation has  been  published.  Hennepin,  who  was  the  first  Eu- 
ropean who  visited  it,  states  it  to  be  fifty  or  sixty  feet  high.     It 
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was  this  traveler  that  gave  it  'the  name  which  it  now  bears,  in 
honor  of  St.  Anthony  of  Padua,  whom  he  had  taken  for  the  pro- 
tector of  his  discovery.  He  says  of  it,  that  it  '  indeed  of  itself  is 
terrible,  and  hath  something  very  astonishing.'  This  hight  is, 
by  Carver,  reduced  to  about  80  feet;  his  strictures  upon  Hennepin, 
whom  he  taxes  with  exaggeration,  might  with  great  propriety  be 
retorted  upon  himself;  and  we  feel  strongly  inclined  to  say  of  him^ 
as  he  said  of  his  predecessor,  *the  good  father,  I  fear,  too  often  had  na 
other  foundation  for  his  accounts  than  report,  or  at  least  a  slight  in- 
spection. '  Pike,  who  is  more  correct  than  any  traveler  whose  steps 
we  have  followed,  states  the  perpendicular  fall  at  sixteen  and  a 
half  feet;  Major  Long  measured  it  in  1817,  with  a  plumb  line,  from 
the  table  rock  from  which  the  water  was  falling,  and  found  it  to 
be  the  same.  Mr.  Colhouu  measured  it  while  we  were  there  with 
a  rough  water  level,  and  made  it  about  fifteen  feet.  The  differ- 
ence of  a  foot  is  trifling,  and  depends  upon  the  place  where  the 
measurement  was  made;  but  we  cannot  account  for  the  statement 
made  by  Mr.  Schoolcraft,  that  the  river  has  a  perpendicular  pitch 
of  forty  feet,  and  this  so  late  as  fourteen  years  after  Pike's  meas- 
urement. The  same  author  states  the  breadth  of  the  river,  near 
the  brink  of  the  fall,  to  be  two  hundred  and  tweaty -seven  yards, 
while  Pike  found  it  to  be  six  hundred  and  twenty-seven  yards, 
which  agrees  tolerably  well  with  a  measurement  made  on  the  ice. 
Messrs.  Say  and  Golhoun  obtained  an  approximate  admeasurement 
of  five  hundred  and  ninety -four  yards;  this  resulted  from  a  trigo- 
nometrical calculation,  the  angles  having  been  measured  with  a 
compass  that  was  small  and  not  nicely  graduated,  and  the  base  line 
having  been  obtained  under  unfavorable  circumstances.  Below 
the  fall  the  river  contracts  to  about  two  hundred  yards.  There  is 
a  considerable  rapid  both  above  and  below;  a  portage  of  two  hun- 
dred and  sixty  poles  in  length  is  usually  made  here;  the  whole  fall, 
or  difference  of  level  between  the  place  of  disembarking  and  re- 
loading, is  stated  by  Pike  to  be  fifty -eight  feet,  which  is  probably 
very  near  the  truth;  the  whole  fall  to  the  foot  of  the  rapids,  which 
extend  several  miles  down  the  river,  may  be  estimated  as  not  far 
short  of  one  hundred  feet. " 

Mr.  G.  W.  Featherstonhaugh  says  (Report  of  a  Geological  Re- 
connoissance  made  m  1835  from  the  seat  of  government  to  the  Coteau 
de  Prairie:)  "An  island  about  450  yards  long  divides  the  Missis- 
sippi into  two  parts  at  the  Falls  of  St.  Anthony,  which  have  a  very 
irregular  outline,  owing  to  the  soft  sandstone  being  washed  out 
unequally  in  places,  and  the  superincumbent  strata  of  limestone 
falling  down  in  large  blocks;  these  are  piled  up  in  large  quantities 
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on  the  bed  of  the  river  immediately  at  the  foot  of  the  falls.  That 
part  of  the  river  on  the  north  side  of  the  island  is  about  two  hun- 
dred and  twenty  yards  in  width.  There  is  a  very  fine  smooth  sec- 
tion of  the  rocks  here  to  the  water,  about  90  feet.  I  should  think 
the  fall  would  not  average  more  than  twenty  feet.  •  •  *  •  ♦ 
On  the  south  side  of  the  river  the  line  of  the  falls  is  a  very  irregu- 
lar curvature,  and  measures  about  450  yards  to  the  island.  The 
hight  of  the  fall  does  not  appear  so  great  on  this  side,  owing  per- 
haps to  the  bed  of  the  river  being  so  much  choked  up  with  the 
fallen  slabs.  It  is  a  wild  rocky  scene,  but  deficient  in  interest  as 
a  waterfall  on  account  of  its  want  of  hight. " 

Data. 

From  these  descriptions  the  following  data  may  be  eliminated  -. 
.  Hennepin,  1680 — Pyramidal  island  in  the  middle  of  the  fall. 
Hight  of  fall  60  or  60  feet  (or  "  40  or  50  feet. ") 

Gather,  1766— Width  of  river  260  yards  (or  "  about  600  feet ;") 
hight  of  the  fall  30  feet ;  a  small  island  in  the  middle  of  the  fall 
40  feet  broad  and  "somewhat  longer,"  with  hemlock  and  spruce 
trees,  and  another  of  an  acre  and  a  half  a  little  below  the  falls, 
with  great  quantities  of  eagles'  nests ;  an  island  also  above  the 
falls  ;  an  oblique  rock  in  the  brink  of  the  falls  half  way  between 
the  island  and  the  east  shore,  "about  five  or  six  feet  broad  and 
thirty  or  forty  long." 

Pike  in  1805— Portage  260  poles  ;  waterfall  16i  feet ;  width  of 
river  above  the  falls  627  yards  ;  below  209. 

Long  in  1817 — Island  600  yards  long  divides  the  cataract  and 
river  above  and  Below  the  falls  ;  channel  on  the  west  side  three 
times  that  on  the  east  side  ;  one-third  of  the  water  descends  the 
east  channel ;  waterfall  16^  feet.  In  the  broadest  channel,  just 
below  the  cataract  is  a  small  island,  50  yards  by  30  ;  both  islands 
rocky,  with  the  same  formations  as  in  the  banks,  "and  nearly  as 
high  ;"  two  others  of  inconsiderable  size  immediately  at  the  foot 
of  the  falls,  both  in  the  right  channel. 

Beltrami  in  1823 — Only  distinctly  mentions  an  island  in  the 
falls,  and  an  island  of  sandstone  below,. with  maples. 

Keating  in  1823 — Island  in  the  river  both  above  and  below  the 
fall,  separating  it  into  two  unequal  parts,  the  eastern  ^0  yards 
wide,  the  western  310  ;  the  island  is  100  yards  wide  ;  total  width 
of  river  at  the  falls  about  594  yards,  with  rough  data  ;  below  the 
fall  the  river  contracts  to  about  200  yards. 

Featherstonhaugh  in  1835. — Island  450  yards  long  divides  the 
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fall  unequally  ;  east  channel  220  yards  wide,  west  channel  450 ; 
fall  20  feet  average.  ^ 

*  In  1866,  just  before  the  erection  of  permanent  mills,  and  the 
diversion  of  the  water  so  as  to  disturb  the  recession,  the  falls  on 
the  west  of  the  island  were,  in  general  terms,  abreast  of  the  saw- 
mill of  Famham  and  Lovejoy.  They  had  a  bend  upward  in  the 
center  of  the  channel,  and  a  sweep  downward  near  the  west  shore. 
Their  ends  were  nearly  opposite  each  other.  The  total  width  of 
the  river,  including  Hennepin  island,  was  1,700  feet  at  the  falls. 
Putting  together  the  statements  of  the  earliest  settlers,  the  down- 
ward sweep  of  the  falls  along  the  east  side  of  the  west  channel 
met  the  island  about  100  feet  below  the  lowest  portion  of  the  flat 
undisturbed  portion  of  the  limerock  on  which  Farnham  and  Love- 
joy 'smilldam  is  erected,  the  mill  itself  having  originally  been 
erected  in  a  little  notch  or  jog  in  the  falls,  partly  on  the  limerock 
and  partly  below  the  falls,  close  on  the  shore  of  the  island.  Since 
then  the  falls  in  the  west  channel  have  receded  about  500  feet, 
hastened  by  these  artificial  means  ;  the  falls  on  the  east  side,  hav- 
ing been  more  protected,  have  not  receded  any  perceptible  amount. 

Considering  all  these  statements,  and  adjusting  their  descrip- 
tions with  each  other  and  with  the  known  position  of  the  Falls  in 
1856,  before  the  permanent  improvements  for  milling  were  made, 
the  following  conclusions  may  be  made  out :         « 

Hennepin  saw  the  falls  in  1680,  when  Spirit  island  divided  them, 
and  their  hight  was  much  greater  than  now.  The  river  gorge  is 
1,350  feet  wide  across  Spirit  island.  The  confinement  of  the  wa- 
ter in  this  narrower  channel  caused  the  greater  hight  of  the  fall. 

Carver  saw  the  falls  in  1766,  just  as  they  were  leaving  Spirit 
island  and  entering  on  Hennepin  island.  The  "oblique  rock" 
seen  was  the  submerged  toe,  or  lower,  rocky  end  of  Hennepin  island. 
No  doubt  the  river  completely  surrounded  the  visible  part  of  Hen- 
nepin island,  above  the  brink  of  the  falls ;  the  rock,  which  is  its  sub- 
structure, only  showing  a  small  area  in  the  fall.  The  rhomboidal 
masses,  into  which  the  limerock  is  cut  by  pre-existing  jointage 
flaws,  would  very  likely  cause  an  oblique  fracture  along  the  brink, 
as  piece  after  piece  fell,  as  fully  detailed  by  Keating  in  1828  in 
describing  the  west  channel.  The  width  of  the  whole  channel  at 
this  point,  stated  by  Carver  as  about  600  feet,  is  1400  feet  by 
careful  measurement.  The  island  which  Carver's  engraving  shows 
above  the  falls  must  be  intended  for  Hennepin  island  which  now 
divides  the  fall,  but  is  very  much  out  of  the  right  position— even  to 

*  Thete  statements  are  made  on  the  aathbrity  of  Messrs.  Chute,  Dr.  A.  £.  Johnson  and 
Mr.  8.  W.  Famham. 
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represent  any  island.     The  island  which  his  engraving  shows  in 
the  brink  of  the  falls  was  the  upper  end  of  Spirit  island,  while 
the  low  island  below  the  falls,  on  which  he  mentions  great  quan- 
tities of  eagles  nests,  can  be  no  other  than  the  lower  end  of  the 
same  island,*  the  narrow  limerock  having  fallen  away  in  the  inter- 
vening space,  making  really  (if  his  engraving  shows  correctly  at 
this  point)  two  parts,  or  islands,  each  being  rocky.     His  engraving 
is  the  copy  of  his  pencil-sketch,  made  probably  from  memory  after 
he  had  left  the  place,  and  the  representation  of  an  island  as  low^ 
which  ought  to  have  been  high  and  rocky,  rendered  somewhat 
necessary  to  avoid  the  hiding  of  the  falls,  and  engraved  in  London, 
would  be  no  unexpected  error,  and  would  hardly  be  regarded  an 
imperfection  by  any  but  a  geologist  or  a  professional  artist.     It  is 
possible  also,  if  his  sketch  was  made  after  he  left  the  place,  thcU  there 
was  really  but  one  island  of  the  whole.     His  attention  had  been  di- 
rected during  his  stay  to  the  island  with  the  eagles*  nests^  about 
which  he  speculates  at  some  length  in  his  journal,  and  to  the 
island  dividing  the  falls.     When  he  came  to  make  his  sketch  he 
represented  both  prominent  ideas  without  regard  to  the  exact 
manner  in  which  they  were  topographically  related  or  united;  and 
finding  that  a  continued  high  island  would  hide  the  west  channel, 
(his  view  being  from  the  east  bank)  which  would  materially  inter- 
fere with  the  general  effect  of  his  illustration,  he  so  reduced  the 
hight  of  the  lower  poi«tiou  of  the  island  as  to  make  it  appear  like 
another  island;  the  engraver  then  perpetuated  the  appearance,  not 
knowing  the  facts.     Whichever  hypothesis  be  correct,  it  is  not 
possible  for  the  island  represented  in  the  brink  of  the  falls,  to  have 
been  Hennepin  island.     Besides  the  general  agreement  of  the 
whole  account  with  the  accounts  of  future  travelers,  on  the  sup- 
position of  its  having  been  Spirit  island,  and  the  statement  that 
it  was  in  the  middle  of  the  falls.  Carver's  engraving  shows  two 
wen  in  tlie  act  of  portage  of  a  canoe  along  the  east  shore,  below  the 
falls;  showing  that  the  view  presented  was  intended  to  represent 
the  principal  fall,  (if  not  the  whole,)  while  the  channel  on  the  east 
of  Hennepin  island  is  now,  and  always  has  been,  since  it  began, 
about  one-third  that  on  the  west  side.     Thus  Carver's  description, 
aided  by  his  very  imperfect  illustration,  fixes  the  position  of  the 
falls  in  1766  at  the  very  foot  of  Hennepin  island. 

When  Lieut.  Pike  arrived  in  1805  probably  nothing  remained 
of  Spirit  island  in  the  brink  of  the  falls,  though  he  gives  no  descrip- 
tion of  the  falls  themselves. 

In  1817,  when  Major  S.  H.  Long  first  visited  them,  Hennepin 

*  spirit  Island  (what  was  left  of  it)  in  1866,  was  stUl  the  abode  of  eagles. 
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island  divided  them  unequally,  and  Spirit  isl^d  was  wholly  below 
the  falls,  and  is  described  as  high  and  rocky,  with  the  same  form-' 
ations  as  are  seen  in  the  banks  of  the  river.  This  statement  dem- 
onstrates the  incorrectness  of  Carver's  engraving  in  this  particular. 
If  Carve)*  did  not  see  that  high,  rocky  island,  it  never  could  have 
got  there,  where  it  exists  still,  between  his  visit  and  that  of  Long. 

In  1823,  Keating  and  Beltrami  saw  the  falls  in  pretty  much  the 
same  position  as  Long  in  1817. 

Again,  Featherstonhaugb,  in  1835,  repeats  the  same  general 
description. 

There  has  been  no  published  careful  measurement  of  the  river 
frotn  Fort  Snelling  to  St,  Anthony  Falls,  but  a  lining  of  the  map 
constructed  by  Gen.  G.  K.  Warren,  with  the  U.  S.  township  and 
section  lines  represented,,  makes  the  distance  almost  exactly  eight 
miles.  Prof.  Rhame  has  made  for  the  survey  a  series  of  triangula- 
tions  and  chain  measurements  at  the  falls,  and  in  the  gorge  below, 
with  the  view  of  finding  the  distance  the  falls  have  receded  since 
Carver's  visit  to  1856,  and  also  since  Hennepin's  discovery.  A 
line  across  the  river  gorge  through  Spirit  island  may  represent  the 
position  of  the  falls  at  the  time  of  their  discovery  ;  another  across 
the  foot  of  Hennepin  island  with  an-  upward  curve  in  the  west 
channel  will  represent  Carver's  line  of  the  falls,  and  another,  one 
hundred  feet  below  the  limerock  on  which  stands  Famham  and 
Lovejoy  's  mill-dam,  may  represent  them  in  1866.  It  is  evident  that 
the  interval  between  Carver's  time  and  1856,  is  the  most  reliable 
datum,  the  statements  of  Hennepin  not  enabling  us  to  determine 
at  what  point  in  Spirit  island  the  falls  were  when  he  first  saw  them. 
Still,  for  the  purpose  of  comparison,  a  point  has  been  assumed  as 
that  at  which  they  were  when  abreast  of  Spirit  island  at  the  time 
of  Hennepin's  visit,  and  Prof.  Rhame  has  taken  measurements 
from  it.  That  point  is  about  the  middle  of  the  undisturbed  limerock 
of  the  island,  and  415  feet  above  the  line  of  the  upper  end  of  the 
piers  of  the  lower  bridge  immediately  below,  in  a  large  re-entrant 
angle  in  the  undisturbed  limerock  on  the  east  side  of  the  island, 
which  angle  runs  from  the  top  of  the  liinerock  to  the  bottom. 
The  interval  between  Hennepin's  line  and  that  of  Carver  is  300 
feet,  between  that  of  Carver's  and  that  of  1856,  is  606  feet,  making 
the  whole  recession  since  Hennepin  906  feet. 

Conclusion. 

Between  Hennepin,  1680,  and  1856,  are  176  years  ;  the  recession 
in  that  time  was  906  feet,  or  an  average  of  5.15  feet  per  year. 
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The  time  needed  at  that  rate  to  recede  from  Fort  Snelling  would 
be  8,202  years. 

Between  Hennepin  and  Carver  are  86  years  ;  the  amount  of  re- 
cession was  about  300  feet,  or  3.40  feet  per  j^ear.  The  time 
needed  at  that  rate  to  recede  from  Fort  Snelling  would  be  12,103 
years. 

Between  Carver  in  1766,  and  1866,  were  90  years  ;  the  recession 
in  that  interval  was  606  feet,  or  6.73  feet  per  year  ;  at  that  rate 
it  would  take  6,276  years  to  recede  from  Fort  Snelling. 

The  average  of  these  three  results  is  8,859  years.  Still,  the 
exactness  of  the  datum  between  Carver  and  1866,  is  such  that  the 
actual  time  of  such  recession  is  probably  more  nearly  expressed 
by  taking  that  only  into  the  calculation.  This  brings  the  glacial 
period  to  a  much  more  recent  date  than  some  other  means  of  cal- 
culation ;  but  it  is  probable  that  no  other  datum  so  exact  for  such 
a  calculation  has  ever  before  been  used. 

The  only  elements  of  possible  error  in  this  calculation  are  : — 
changes  in  the  volume  of  the  river,  and  incorrect  statement  for 
the  length  of  Ihe  gorge  between  the  falls  and  Fort  Snelling. 

In  regard  to  the  first  of  these  elements  of  uncertainty,  it  is  true 
that  the  river  may  have  been  larger  during  the  first  portion  of  its 
occupancy  of  this  channel,  on  account  of  the  proximity  of  the 
glacial  ice,  and  the  recession  hence  more  rapid  than  during  the 
latter ;  yet  the  width  of  the  gorge  between  the  rock-bluffs  does 
not  perceptibly  change  from  Fort  Snelling  to  the  present  position 
of  the  falls.  Indeed,  the  widest  portion  of  this  gorge  seems  to  be 
where  the  falls  are  at  the  present  time.  Again,  the  datum  for  the 
calculation  is  all  taken  from  the  latter  portion  of  the  time  in- 
volved, and  would  more  than  balance  any  error  in  the  opposite 
direction.  It  is  not  altogether  certain,  moreover,  that  an  increase 
of  the  volume  of  water  would  hasten  the  recession.  The  rate  of 
recession  is  dependent  on  the  rapidity  of  the  undermining  of  the 
limerock  by  the  retro-action  of  the  falling  water  on  the  loose 
sandrock.  While  the  increased  momentum  of  the  water,  incident 
to  an  increase  of  volume,  would  highten  the  falls,  by  digging 
deeper  into  the  sandrock,  it  would  by  that  very  change  remove 
further  from  the  limerock  the  retro-action  of  the  falls,  and  hence 
would  leave  a  quantity  of  undisturbed  sandrock  to  support  longer 
the  limerock.  In  regard  to  the  second  element  of  uncertainty,  it 
would  be  found  that  the  gorge,  if  measured  carefully,  is  a  little 
longer  than  eight  miles  rather  than  less. 

If  the  occurrence  of  our  winter  in  aphelion,  caused  by  the  pre- 
cession of  the  equinoxes  and  the  revolution  of  the  line  of  the 
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apsides,  about  11,300  years  ago,  was  the  cause  of  our  last  glacial 
period,  the  greatest  effect  of  those  causes  whiqh  had  their  greatest 
force  at  that  time,  was  probably  felt  at  a  considerably  later  date, 
as  suggested  by  Prof.  Bhame,  in  the  same  manner  as  the  ^eatest 
heat  of  summer  is  not  felt  at  the  same  timte  when  the  causes  which 
produce  it  have  their  greatest  activity. 

This  subject  has  been  treated  of  by  Dr.  E.  Andrews,  in  a  paper 
read  last  year  before  the  Chicago  Academy  of  Sciences,  but  the 
writer  has  only  seen  a  telegraphic  newspaper  notice  of  it.  The 
same  data  employed  by  Dr.  Andrews  were  furnished  the  writer  by 
Mr.  J.  L.  Gillespie,  of  the  U.  S.  Engineers'  office,  St.  Paul,  and  ^ 
are  employed  and  extended  in  the  data  foregoing. 

The  reader  is  referred  to  the  Report  of  the  Chief  of  Engineers, 
1875,  Part  I,  p.  385,  for  Gen.  G.  K.  Warren's  Essay  cmceming 
important  physical  features  exhibited  in  the  valley  of  the  Minnesota 
river,  and  upon  their  signification, 

NeUVs  history  of  Minnesota  from  the  French  Eicplorations  to  the 
present  time. 

Father  Hennepin's  works,  published  at  Paris,  Utrecht,  London, 
Amsterdam,  an4  other  cities,  to  the  number  of  twenty-two  edi-' 
tions,  from  1683  to  1742. 

Historical  collections  of  Louisiana,  Part  IV,  contains  original  nar- 
ratives of  Hennepin  and  others  relative  to  the  early  exploration  of 
the  Mississippi  river,  translated  into  English. 

Three  years'  travels  throughout  the  interior  parts  of  North  Amer- 
ica,   Jonathan  Carver,  1766-7-8. 

Voyage  in  a  Six-oared  Skiff  to  the  Fails  of  St,  Anthony  in  1817. 
By  Major  Stephen  H.  Long.  Collections  of  the  Minnesota  His- 
torical Society. 

Narrative  Journal  of  travels  from  Detroit  northwest  through  the 
great  cliain  of  lakes  to  the  sources  of  the  Mississippi  river ,  in  1820. 
H.  R.  Schoolcraft. 

Narrative  of  an  expedition  to  the  Sources  of  the  St.  Peter,  Lake 
Winnepeekj  &c.,  in  1823,  under  Major  S.  H.  Long;  by  W.  H. 
Keating. 

Geological  Reconnoissance  made  in  1836  frwn  the  seat  of  govern- 
ment to  the  Coteau  de  Prairie.     G.  W.  Featherstonhaugh. 

Material  Resources.    Fuel. 

There  is  a  large  annual  cut  of  cord-wood  from  the  timbered  por- 
tions of  Hennepin  county,  which  finds  market  at  Minneapolis  and 
St.  Paul.     This  comprises  sugar  maple,  iron  wood,  oak,  hasp,  elm 
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and  soft  maple.  The  price  per  cord  varies  with  the  stringency  of 
the  money  market.  During  the  past  year  hard  wood  has  brought 
five  and  six  dollars  per  cord.  Osseo  is  an  important  primary  wood- 
mart;  but  large  quantities  are  hauled  by  the  first  owners  directly 
into  Minneapolis.  The  county  is  generally  heavily  wooded,  the 
thinly  wooded  and  prairie  portions  being  along  the  valleys  of  the 
Mississippi  and  Minnesota  rivers,  in  the  southeastern  portion. 

Building  Stone. 

The  quarries  on  the  east  side  of  the  river,  most  accessible,  are 
owned  by  the  St.  Anthony  Falls  Water  Power  Company,  and  are 
leased  by  them  to  various  parties,  mainly  to  Patterson  and  Baxter. 

The  quarries  on  Hennepin  island  are  turned  over  to  the  Govern- 
ment for  use  in  the  tunnel,  but  are  owned  by  the  St.  Anthony 
Falls  Water  Power  Company. 

The  quarries  on  Nicollet  island  are  owned  by  Eastman  and  Com- 
pany and  are  worked  by  Henry  and  Abrams.  . 

The  Mississippi  and  Rum  river  Boom  Company  have  opened 
some  quarries  near  13th  street  north  on  the  east  side  of  the  river, 
and  take  from  the  old  river  bluffs,  back  irom  the  river,  a  thin  and 
weathered  stone  for  their  piers.  There  are  also  a  great  many 
openings  in  the  upper  portion  of  the  E.  Division,  by  parties  own- 
ing lots  that  cover  the  brink  of  the  Trenton  terrace.  In  these 
cases  attention  was  called  to  the  rock  generally  in  making  excava- 
vations  for  cellars. 

The  quarries  below  the  University  a  short  distance,  furnished 
the  stone  for  the  older  portion  of  the  University  building.  The 
rest  of  the  building  was  constructed  from  quarries  on  Nicollet 
island.  Quarries  are  now  wrought  below  the  University  near  the 
"**  Old  Cheever  Landing,"  by  Edward  Maloney,  and  Mr.  Malone. 

The  quarries  on  the  west  side  of  the  river  are  owned  by  various 
parties,  the  whole  being  cut  up  into  lots  according  to  the  city  sub- 
divisions. Banks  Arenson,  Andrew  Ernson,  Michael  Delaney, 
Holscher  and  Weeks,  Henry  Wax  and  George  McMuUen  own 
those  below  the  falls  opposite  the  University. 

Three-fourths  of  a  mile  below  these  are  quarries  opened  by 
Franklin  Cook  and  Edward  Murphy. 

Quarries  in  Sec.  32,  Bloomington,  are  owned  by  H.  T.  Welles 
and  by  Mr.  Neuser. 

The  stone  taken  from  these  quarries  is,  in  general,  an  aluminous 
blue  limerock,  without  much  variation  in  characters.  It  is  true 
that  there  are  two  or  more  different,  distinct,  strata,  with  different 
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qualities  of  rock,  as  described  in  giving  the  sections  of  the  Lower, 
Trenton,  but  the  great  bulk  of  the  building  stone  is  taken  irom 
the  same  stratum,  about  15  ft.  in  thickness,  which  is  the  per- 
sistent stratum  occupying  the  immediate  brink  of  the  Falls  of 
St.  Anthony.  The  rock  of  this  stratum  varies  only  with  the 
degree  of  exposure  to  which  it  has  been  subjected,  so  far  as  it  is 
seen  in  Hennepin  county. 

In  the  upper  part  of  the  city,  along  the  bluffs  of  the  old  river, 
as  in  the  quarries  opposite  Boom  island,  and  on  the  county  line  of 
Anoka  county,  this  rock  is  very  different,  to  a  considerable  depth, 
from  that  taken  out  below  the  falls.  It  shows  the  effects  of  very 
long  weathering,  jJrobably  dating  from  pre-glacial  times.  These 
differences  are  all  accounted  for  by  the  known  effect  of  water  and 
iron,  with  the  aid  of  time,  on  the  shale  with  which  the  Lower 
Trenton  is  permeated.  The  thin  sheets  of  shale,  which  appear  as 
dark  belts  of  irregular  and  crooked  direction  on  the  newly-cut 
face  of  a  ^'dimension  stone,"  begin  to  decompose  after  the  lapse 
of  a  number  of  years,  causing  a  shattering  and  splitting  of  the 
whole  mass.  When  the  change  takes  place  under  the  surface  of 
the  earth,  but  where  the  natural  surface  waters  get  free  access, 
the  iron  that  always  accompanies  such  water,  aided  by  the  pyrites 
of  the  rock  itself,  gives  a  rusty  and  dirty,  or  yellowish  color  to  the 
rock  to  a  considerable  depth.  This  is  marked  sometimes  by  the  slow 
decomposition  of  the  limestone  itself,  and  by  the  sprinkling  of  sand 
or  loam  that  covers  the  rock.  In  the  face  of  these  changes  it  is  no 
wonder  that  a  great  many  who  have  not  watched  them  closely 
should  be  firmly  persuaded  that  the  different  aspects  could  not  be 
assumed  by  the  same  rock. 

Stone  sells  from  50  cents  per  perch  of  16i  feet  (for  "  gray  rock ' ') 
to  65  cents.  This  is  for  rough,  non-dimension  stone.  For  range 
rock,  ("  blue  stone,")  water  table,  75  cents  to  $1.00  per  foot,  cut ; 
uncut  15  to  18  cents  per  foot. 

Brick  and  Pottery, 

There  is  a  small  pottery  establishment  in  upper  St.  Anthony, 
owned  by  Louis  Eampf,  the  clay  being  taken  from  the  Mississippi 
bank  adjoining.  The  jars  are  light-colored,  but  not  cream-colored. 
The  following  brick-yards  were  noted  in  Hennepin  county  : 
Peterson  and  Swansen,  N.  E.  i  Sec.  12,  Crystal  Lake,  above  the 
mouth  of  Shingle  creek.  The  brick  made  here  are  cream-colored  ; 
except,  if  poorly  burnt,  the  topmost  tier  of  the  kiln  has  a  reddish 
color.    They  are  molded  in  water.    Although  this  is  the  first  year 
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this  yard  has  been  opened,  it  will  turn  out  about  700,000.  DeliT- 
ered  in  Minneapolis  these  brick  sell  for  $8.00  per  thousand  ;  at  the 
yard  for  $7.00  per  thousand.  Mixed  wood  costs  $2.26  to  $2.50  per 
cord. 

The  Union  Brick  Company,  (Baxter,  Woodward  and  McNair,) 
Minneapolis,  have  made  two  and  a  half  millions  the  present  season 
(1876  ;)  generally  burn  five  millions  per  year.  SeU  for  $9.00  per 
thousand,  average  price.  Soft  wood  (basswood)  costs  $3.25  to 
$3.50  per  cord  ;  mixed  wood  (all  kinds  except  hard  maple  and  bass- 
wood)  costs  $3.75  to  $4.00  per  cord  delivered  at  the  yard.  For  a 
description  of  the  clay  the  reader  is  referred  to  the  drift-sections 
preceding.     The  brick  are  cream-colored.  • 

Daniel  Woodbury's  yard  is  a  short  distance  above  the  Union 
Brick  Company's  yard,  within  the  valley  of  Bassett's  creek,  and 
he  uses  the  same  general  deposit  of  clay,  but  perhaps  encounters 
more  calcareous  matter  in  the  form  of  concretions  and  bivalve 
shells.  His  brick  are  cream-colored,  and  also  reddish.  Mixed 
wopd  costs  here  $3.25,  delivered  ;  makes  400,000  per  year,  selling 
at  $8.50  per  thousand,  or  $9.00,  according  to  the  haul. 

At  Dayton,  brick  are  made  by  Medorre  Arseno,  his  yard  being  the 
same  as  that  occupied  21  years  ago  by  Lyman  Dayton,  situated  on 
the  north  side  of  Crow  river.  The  brick,  which  sell  for  $8.50  per 
thousand,  at  the  kiln,  are  generally  of  a  cream  color,  but  those 
from  the  outside  of  the  kiln  are  tinged  with  red.  Two  or  three 
kilns  per  year  are  made  here.  Mixed  wood  is  worth  $1.60  per 
cord  ;  hard  wood  $2.00. 

In  Upper  St.  Anthony  the  old  brick -yard  of  Charles  Grotjann 
has  been  closed.  The  brick  made  were  red,  and  were  not  readily 
saleable.       ^ 

Qeo.  Erhardt  has  opened  a  new  yard  at  the  N.  end  of  Lake 
Calhoun,  and  sells  ired  brick  at  $8.00  per  thousand,  or  $8.50^ 
delivered. 

Quick-lime, 

There  has  been  some  lime  burnt  from  the  Lower  Trenton  at 
Minneapolis,  but  nothing  is  being  done  at  the  present  time. 
There  is  one  old  pot-kiln,  below  the  falls,  within  the  river  gorge, 
built  of  lime-rock,  owned  by 

Levi  Guia  bums  lime  from  boulders  at  Dayton.  His  kiln  has 
been  erected  eleven  years,  and  is  emptied  sometimes  to  the  number 
of  six  times  per  year.  He  sells  at  Anoka,  Princeton,  Elk  River, 
Monticello  and  Dayton,  and  sometimes  at  Minneapolis,  from  $1.50 
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to  $1»76  per  barrel.  Another  establishment  of  the  same  kind  is 
run  at  Frankfort,  in  Wright  county,  by  Mr,  Burnings,  and 
another  at  Otsego  by  Mr.  Ingleson. 

Mills  and  Water-powers, 

The  following  extracts,  from  the  Annual  Report  of  the  Minne- 
apolis Board  of  Trade  for  1876,  by  C.  C.  Sturtevant,  secretary, 
convey  a  correct  idea  of  the  importance  of  the  water-powers  of 
Hennepin  county,  and  particularly  of  the  Falls  of  St.  Anthony; 

"  The  vast  water  power  which  has  given  to  Minneapolis  her  pre- 
eminence as  the  great  manufacturing  centre  of  the  Northwest, 
and  is  destined  to  make  it  the  chief  commercial  city  of  the  State, 
is  furnished  by  the  Mississippi  river^  which  has  a  fall  of  82  feet 
within  the  city  limits.  The  volume  of  water  passing  over  these 
falls  and  rapids  at  the  ordinary  stage  has  been  estimated  by  com- 
petent engineers  at  190,000  horse-power.  Most  of  it  can  be  used 
with  the  present  improvements  with  from  40  to  60  feet  head,  and 
the  entire  flow  is  available  for  manufacturing  purposes.  The  first 
practical  use  made  of  this  power  was  in  1848,  when  a  dam  was 
built  from  Hennepin  island  to  the  east  shore,  and  four  saw  mills 
erected  on  it.  It  was  not  till  1857,  however,  that  the  present  sub- 
st^tial  improvements  were  fairly  inaugurated.  On  the  26th  of 
February,  1856,  the  St.  Anthony  Falls  Water  Power  Company 
was  chartered  by  the  Territorial  Legislature,  and  on  the  27th  of 
the  same  month  and  year  the  Minneapolis  Tfi.iU  Company  was 
chartered.  Both  charters  are  perpetual,  the  former  controlling 
the  water  from  the  centre  of  the  channel  on  the  west  side  of  Hen- 
nepin island  to  the  east  shore,  the  latter  from  the  same  point  to 
the  west  shore. 

"  Robert  Smith,  of  Alton,  Illinois,  was  the  first  president  of  the 
Minneapolis  Mill  Company,  and  in  1857,  W.  D.  Washburn,  Esq., 
was  appointed  secretary  and  agent.  The  same  year  C.  H.  Bige- 
low,  of  Lawrence,  Mass.,  a  civil  and  hydraulic  engineer,  made  sur- 
veys and  submitted  plans  for  improving  the  water-power  of  the 
Mill  Company.  The  construction  of  the  dam  and  opening  of  .the 
canal,  commenced  in  September,  1857,  and  the  dam  was  completed 
in  January,  1858.  The  first  flouring  mill  (the  Cataract)  was  built 
by  Eastman  and  Gibson  the  same  year. 

*^  The  appUances  for  controlling  and  utilizing  the  water-power  of 
this  company  consist  of  a  low  or  waste  dam  built  on  the  ledge, 
commencing  in  the  center  of  the  channel  of  the  river  and  connect- 
ing with  the  dam  of  the  St.  Anthony  Water-Power  Company, 
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thence  running  down  stream  diagonally  toward  the  westerly  shore 
400  feet ;  thence  a  high  dam  again  down  the  stream,  parallel  with 
the  shore  500  feet,  forming  a  pond  above  the  mills  ;  thence  at  ri^ht 
angels  400  feet  to  the  pier  at  the  head  of  the  canal,  upon  which 
last  portion  ia  built  the  block  of  saw  mills.  With  this  dam  a  head 
of  13  feet  is  obtained,  and  a  suflScient  supply  of  water  is  directed 
to  the  canal,  while  the  large  proportion  of  the  water  passes  over 
the  low  dam  and  is  wasted  on  the  fa^s. 

*^  The  canal  is  excavated  along  the  shore  350  feet  to  a  point  op- 
posite the  brink  of  the  fall,  of  a  width  narrowing  from  80  feet  to 
55  feet,  and  below  this  point  500  feet  further  of  a  uniform  width 
of  55  feet,  and  carrying  a  depth  of  14  feet  of  water. 

"  The  mills  located  upon  the  property  improved  by  the  Minne- 
apoUs  Mill  Company  are  as  follows  : 

(1.)     Upon  or  near  the  canal  and  supplied  unth  water  therefrom. 

Sixteen  Flouring  Mills,  181  runs  of  stone. ' 

One  Woolen  Mill. 

One  Cotton  Mill. 

One  Iron  Works. 

One  Railroad  Machine  Shop. 

One  Planing  Mill,  Sash,  Door  and  Blind  Factory. 

One  Paper  Mill. 

One  300,000  bushel  Grain  Elevator. 

One  Machine  Shop. 

One  Mill-furnishing  Shop. 

One  Carding  Mill. 

(2.)     Upon  the  dam  of  the  Company  ; 

Seven  Saw-mills,  having  nine  gangs,  seven  double  circulars,  and 
other  appropriate  machinery;  daily  capacity  900,000  feet. 

(3.)    Upon  the  river  bank  above  the  canal^  and  discharging  water 
^  through  the  First  street  tunnel  ; 

One  Saw  Mill. 
One  Planing  Mill. 
One  Machine  Shop. 
The  City  Water  Works. 

"  The  total  amount  of  power  utilized  by  the  Company  is  about 
4,500  horse  power. 
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"  The  present  oflScers  of  the  Company  are  Gen.  C.  C.  Wash- 
bum,  PriBsident ;  R.  J.  Baldwin,  Treasurer ;  William  D.  Hale, 
Secretary  and  Agent ;  C.  C.  Washburn,  D.  Morrison,  W.  D. 
Washburn,  R.  J.  Baldwin  and  C.  J.  Martin,  Directors. 

"  The  improvements  of  the  St.  Anthony  Falls  Water  Power 
Company  consist  of  a  dam  from  the  east  shore  to  Hennepin 
island,  400  feet  up  the  shore  of  Hennepin  island,  660  feet  from 
head  of  island,  west  200  feet,  thence  diagonally  to  the  dam  of  the 
Minneapolis  Mill  Company,  600  feet ;  total  length  of  dam,  1,850 
feet.  The  Company  has  sold  eight  saw-mill  sites  on  the  dam  in 
the  east  channel,  which,  together  with  two  flouring  mills,  one 
machine  shop,  and  other  mills,  renting  power  for  manufacturing 
purposes,  utilize  about  1,800  horse  power  under  varying  heads. 

"The  whole  water-fall  on  the  Company 's  lands  is  69  feet.  In  all 
further  developments  it  will  be  the  aim  of  the  Company  to  use 
the  water  under  a  head  of  from  40  to  60  feet,  voiding  the  water 
through  a  tunnel,  or  tail-race,  now  excavated  in  the  sand-rock 
under  the  limestone  ledge. 

"The  original  improvements,  made  at  an  early  day,  amounting 
to  some  twenty  mills,  of  different  kinds,  were  destroyed,  mainly 
by  fire,  some  eight  years  since,  and  have  been  replaced  by  substan- 
tial structures.  The  Company  are  now  in  a  condition  to  utilize 
to  the  highest  capacity  the  power  controlled  by  them,  and  it  offers 
to  manufacturers  a  field  unsurpassed  in  the  Northwest. 

"The  present  officers  of  the  company  are  Richard  Chute,  Presi- 
dent; Samuel  H.  Chute,  Agent;  Ernest  Ortman,  Treasurer. 

"In  addition  to  the  mills  located  on  the  power  controlled  by 
these  companies  there  is  one  large  paper  mill  and  one  double  saw 
mill  in  operation.  By  the  above  it  will  be  seen  that  only  a  small 
portion  of  this  vast  water-power  is  now  in  use,  while  the  improve- 
ments of  these  companies  have  rendered  the  whole  flow  of  .water 

available." 

•        «•         •         «»         ««         •         «» 

"  The  permanency  of  this  water  power  is  now  established  beyond 
a  question.  There  was  a  time  when  fears  were  expressed  that  the 
ledge  which  forms  the  falls  might  at  some  future  day  be  swept 
away  by  the  action  of  the  water;  but  all  apprehensions  of  such  a 
catastrophe  are  at  an  end.  The  Government  in  providing  for  the 
improvement  of  the  navigation  of  the  river  above,  aided  by  the 
water  power  companies  and  the  city,  has  now  completed  such 
works  as  render  the  falls  secure  for  all  future  time.  ** 
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Flouring  Mills  in  operation  in  Minneapolis  in  1876. 


1. 
2. 

8. 

4. 

5, 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
U. 
16. 
16. 
17. 
18. 
19. 
20. 


Name. 


Cataract 

Union 

Arctic 

Pillsbnry 

Minneapolis 

WashbnmB 

Dakota 

Zenith 

City 

North  Star 

HoUy 

Empire 

Palisade 

WaahbamA 

Galaxy 

Anchor 

Hennepin 

Humboldt 

Phosnix 

Pettlt  and  Robinson 


u       a> 

When 

isj 

Built. 

yss 

«  ^ 

1859 

10 

1860 

6 

1861 

6 

1865 

11 

1865 

9 

1865 

11 

1867 

6 

1871 

6 

1862 

5 

1870 

6 

1872 

4 

1872 

9 

1878 

11 

1878 

41 

1874 

12 

1874 

12 

1875 

6 

1876 

6 

1876 

5 

1876 

16 

Name  of  Firm. 


D.  R.  Barber  and  Son. 
Darrow  and  Dibble. 
Hobart,  Shuler  &  Co. 
C.  A.  Pillsbury  &  Co. 
Crocker,  Fisk  &  Co. 
Washburn  &  Hazard. 
S.  S.  Brown  &  Co. 
Day,  RoIUds  &  Co. 
J.  C.  Beriy  &  Co. 
H.  J.  6.  Crosawell. 
W.  F.  Cahill  &  Co. 
C.  A.  Pillsbury  &  Oo. 
L.  Day  &  Sons. 
J.  A.  Christian  &  Co. 
W.  P.  Ankeny. 
C  A.  Pillsbury  &  Co. 
Mills,  Thompson  &  Co. 
Bull,  Newton  &  Co. 
Stamwitz  and  Shober. 
Pettlt  and  Robinson. 


^^  The  product  of  the  foregoing  mills  for  the  year  1876  was  as 

follows: 


Product. 

Flour,  barrels 1,185,160 

Bran,  tons 50,945 


Value. 
$6,810,960 
509,450 

•7,820,410 


^'  The  total  shipment  of  flour,  in  car  lots,  from  Minneapolis  hj 
rail  during  the  year  1876,  amounts  to  1,000,676  barrels.  A  large 
quantity  is  shipped  in  small  lots,  and  sent  out  by  teams,  while  the 
city  consumption  amounts  to  40,000  barrels.  There  were  also 
50,000  barrels  in  store  in  the  city.  These  several  amoimts  make 
up  the  difference  between  the  production  and  the  shipment. 
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Lumber  Mills  in  operation  in  Minneapolis  in  1876. 


Owner. 


Morrison  Bros 

J.  Dean  &  Co 

Pettit  &  Robinson 

Minneapolis  Lumber  Co 

J.  B.  Bassett 

Eastman  and  Bovey 

Famham  &  Lovejoy 

O.  C.  Merriman 

Minneapolis  Mill  Co.,  two  mills. 

Elias  Moses 

F.P.Clark 

McMollen  &  Co 

F.  G.  Mayo 

Todd,  Haven,  Leavitt  &  Co 

W.  C.  Baker,  Assignee 

Lee  Brothers  &  Co 

Wm.  H.  Eldred 

Jbo.  Gains 


Lumber. 


18,697,000 

14,128,164 

8,000,000 

17,000,000 

8.500,000 

10,200,000 

28,600,000 

19,986,404 

12,667,587 

8,000,000 

11,600,000 

2,000,000 

8,860,000 

9,600,000 

18,752,172 

600,000 


8,000,000 


184,621,277 


Shingles. 


1,645,000 
6,966,000 
8,600,000 
6,000,000 
8,000,000 
8,000,000 


2,701,760 
2,680,600 
8,000,000 


10,000,000 

4,<;oo,Of)o 

4.500,000 

4,522,000 

6,0OD.O0O 

28,000,000 


86,004,260 


Lath. 


2,666,000 

1,660,860 

860,000 


2,000,000 
1,800,000 


2,819,600 
•2,818,000 
2,000,000 
2,000,000 


460,000 

600,000 

1,406,000 


1,600,000 


21,869,860 


"  The  production  of  lumber  was  the  first  manufacturing  indus- 
try introduced  into  Minneapolis,  and  has  added  more  largely  to 
the  population  of  the  city  than  any  other  branch  of  business. 
The  first  mill  was  erected  in  1848,  but  all  the  original  mills  built 
have  given  place  to  new  and  improved  structures.  At  this  time 
there  are  eighteen  sawmills  and  one  shingle  mill  in  the  city. 
Nearly  all  the  saw  mills  have  shingle  and  lath  mills  attached. 
The  lumber  product  is  distributed  through  the  states  of  Minnesota, 
Iowa,  Missouri,  Kansas,  Nebraska,  and  the  territory  of  Dakota. 
The  most  of  it  is  shipped  by  rail,  although  a  small  portion  is 
rafted  below  the  falls  and  floated  down  the  Mississippi  river  to 
St.  Louis  and  other  points." 

Mills  in  operation  in  Hennepin  County  outside  the  city  of  Mmneapolis. 

• 

Pratt  and  Baird,  Richfield  P.  0.  ;  custom  and  ship  to  Minne- 
apolis ;  4  runs  of  stone ;  seven  feet  head ;  dam  in  Minnehaha 
creek. 

Craik  and  Sons,  Edina  Mills  (also  known  as  the  Red  Mills ;) 
dam  in  Minnehaha  creek  ;  13  feet  head  ;  4  runs  of  stone  ;  custom 
and  ships  at  Minneapolis. 

Metz  and  Peacka,  below  Minnehaha  Falls  ;  dam  in  Minnehaha 
creek  ;  11  feet  head  ;  two  runs  of  stone  ;  custom.  i ^ 
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Baxter  and  Northway,  Champlin  ;  Champlin  Mills  ;  two  runs  of 
stone  ;  Elm  Creek  power  ;  fall  16  feet ;  shipping  and  cuBtom. 

■Weitzel  and^Hurlbut,  Dayton ;  Dayton  Mills  ;  Crow  river  power ; 
fall  9  feet ;  five  runs  of  stone  ;  ships  at  Itasca. 

Henry  Weitzel,  sec.  10,  Maple  Grove  ;  Maple  Grove  Mills  ;  Elm 
creek  power  ;  12  feet  fall ;  two  runs  of  stone  ;  custom. 

McAfee  and  company,  N.  W.  i  sec.  21,  Bloomington ;  Bloom- 
ington  Mill ;  26  feet  head  ;  three  runs  of  stone. 

Babn  Brothers,  sec.  26,  Eden  Prairie  ;  Eden  Prairie  Mills;  two 
runs  of  stone. 

Minnetonka  Mill  Company,  Minnetonka  City ;  Minnetonka 
Mills ;  dam  in  Minnehaha  creek ;  12  feet  head ;  seven  runs  of 
stone ;  shipping. 

Herrick,  Douglas  &  Co.,  on  Minnehaha  creek ;  Globe  Mills ; 
eight  feet  head  ;  four  runs  of  stone  ;  shipping. 

Medicinal  Waters. 

Some  of  the  springs  of  the  county  have  a  local  repute  for  medic- 
inal qualities.  The  Chalybeate  Springs  of  Minneapolis  consist  of 
a  copious  discharge  of  water  from  the  top  of  the  shale  layer  be- 
tween the  main  calcareous  members  of  the  Lower  Trenton  in  the 
blufiF  of  the  river.  They  are  situated  just  below  the  falls,  on  the 
east  side  of  the  river.  The  overlying  layer  of  limerock  is  parted 
along  some  planes  and  allows  the  water  to  enter  it,  but  the  shale 
is  nearly  impervious,  and  sheds  it.  The  water  is  not  originally 
from  the  rock,  but  is  the  drainage  from  the  drift,  and  the  bog 
swamp  east  of  St.  Anthony.  It  probably  derives  its  iron  from  the 
ferriferous  drift  of  the  bluffs  east  of  St.  Anthony;  passes  into  the 
swamp,  deposits,  after  evaporation,  a  considerable  iron  as  a  bog 
iron  ore,  and  carries  on  what  it  does  not  leave  in  the  swamp,  pene- 
trating the  gravelly  and  sandy  drift  between  the  swamp  and  the 
river  bank.  The  iron  is  deposited  as  a  peroxide  on  the  rock  over 
which  the  water  runs.  The  taste  of  the  water  is  very  pleasant, 
and  is  similar  to  that  of  a  number  of  wells,  which  afford  Chalybeate 
water,  situated  further  back  from  the  river  and  on  the  margin 
of  the  swamp.  Although  this  water  is  known  as  Chalybeate,  from 
the  copious  deposit  of  iron  it  gives  on  exposure  to  the  air,  yet  the 
quantity  of  iron  present  is  very  small. 

On  analysis  Mr.  S.  Dana  Ha^es,  of  Boston,  has  said:  "When 
heated  it  evolves  gas  ;  after  some  evaporation  it  becomes  opales- 
cent, and  finally  deposits  a  precipitate,  while  it  becomes  more  and 
more  alkaline.     It  has  the  chemical  character,  and  is  strictly  an 
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alkaline  mineral  water^  resembling  well-known  waters  found  in  the 
northern  part  of  Vermont,  and  in  Germany  and  elsewhere  in  Eu- 
rope."    Mr.  Hayes  gives  the  following  * 


''  One  United  States  gallon,  or  231  cubic  inches,  contains  nine- 
teen and  eighty -four  hundredths  grains  of  solid  dry  mineral  matter, 
consisting  of: 

Potash 1.257 

Soda .* 1.900 

Sodinin 060 

Lime / '. . . .     5.894 

Magnesia ^..     i.58» 

AmmoDla. Trace 

Alamina.. • Trace 

Protoxide  of  Iron • 028 

ISnlphnric  acid 1]7 

Chlorine • 104 

Silicic  acid 645 

Carbonic  acid,  combined • 8.106 

Crenlc  acid,  organic 640 

Total.. ^ 19.84^ 

^'  These  elements  are  probably  combined  in  the  water  forming 
the  following  salts  and  compounds  : 

Carbonate  of  potash « Sniphate  of  potash. 

Carbonate  of  soda Silicate  of  soda. 

Carbonate  of  lime Chloride  of  Sodium. 

Carbonate  of  magnesia Crenate  of  iron,  etc. 

''  All  the  corbonates  named  exist  in  the  state  of  bicarbonates  ; 
and  the  gases  present  are  carbonic  acid,  oxygen  and  nitrogen  ; 
the  water  containing  three  and  three-tenths  volumes  of  mixed 
gases  in  one  hundred  volumes  of  water.  The  aeration  of  this 
water  renders  it  a  pleasant  beverage,  and  prevents  the  sense  of 
heaviness  after  it  has  been  drank  in  quantities.  Beside  the  alter- 
native medicinal  qualities  possessed  by  this  water  when  taken  in- 
ternally, it  will  be  found  beneficial  in  hot  and  cold  baths,  especially 
in  certain  cases  of  skin  disease.  And  it  may  be  bottled  and  kept, 
retaini/ig  all  its  virtues  for  months  without  material  alteration." 

The  Russell  Mineral  Spring,  situated  near  the  margin  of  the 
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same  swamp,  is  described  by  Prof.  Peekham  on  page  61,  of  the 
general  report  for  1876.  This  water  has  nearly  the  same  chemical 
composition  as  that  above  mentioned,  and  within  less  than  a  grain 
the  same  total  solid  matter  per  gallon,  deposits  on  exposure  a  perox- 
ide of  iron,  and  is  probably  &om  another  drainage  course  from  the 
same  general  reservoir — the  peat  marsh  lying  between  the  river 
and  the  drift  bluflfs,  on  the  east  side  of  the  river. 

At  points  a  little  further  down  the  river,  near  the  University-, 
the  water  that  runs  down  the  bluflf  from  springs  issuing  near  the 
top  of  the  bluff,  deposits  a  calcareous  tufa,  which,  in  favorable 
circumstances,  has  become  several  feet  thick.  When  the  spatter- 
ing water  falls  on  moss,  which  often  grows  in  such  damp  spots, 
it  covers  the  moss  with  a  film  of  carbonate  of  lime  which,  by  grad- 
ually increasing,  imprisons  the  moss,  killing  it,  but  takes  its  form 
and  even  its  name,  the  moss  itself  gradually  oxidizing  and  passing 
oflf  in  the  air,  as  grass  decays  on  the  prairie.  The  deposit — ^loose 
and  spongy — is.  then  known  as  "  Petrified  Moss." 

The  "Great  Medicine  Spring,"  an  old  resort  for  the  Indians,  is 
situated  a  few  miles  west  of  Minneapolis,  on  the  land  of  Mr. 
Wales.  It  also  is  chalybeate,  but  its  exact  chemical  qualities  are 
not  known. 

Earthworks. 

Hennepin  county  presents  a  rich  field  for  the  anthropologist, 
a  field,  however,  which  has  not  been  much  explored.  In  the  sur- 
vey of  the  county  artificial  mounds  were  seen  in  a  number  of 
places  ;  the  following  were  noted : 

There  are  two  large  mounds  on  the  south  bank  of  Crow  river, 
at  Dayton,  forty  feet  across  and  aboi^t  ten  feet  in  hight. 

Four  are  on  Mr.  Aaron  Hoag's  land,  sec.  18,  Hassan. 

The)*e  is  another  large  mound  on  James  Ream's  land,  two  miles 
above  Dayton,  on  the  north  side  of  the  river. 

There  are  a  great  many  mounds  along  the  Minnesota  river, 
above  Fort  Snelling  ;  two  or  three  on  sec.  1,  Bloomington  ;  one 
is  on  the  road  near  Mr.  Van  Ness*,  near  the  line  between  sections 
1  and  12,  Bloomington  They  occur  on  Mr.  Brosseau's  land,  sec. 
14,  and  frequently,  along  the  bluff,  further  up,  as  far  as  Shakopee 
at  least. 

There  is  a  large  mound  on  sec.  27,  Eden  Prairie,  visible  for  some 
distance  across  the  prairie. 

There  is  a  mound  on  S.  E.  i  sec.  1,  Minnetonka,  near  Wayzata. 

At  Mound  City,  at  the  western  end  of  Lake  Minnetonka,  are 
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**  about  40"  mounds  on  Sec  24,  Minnetrista.  A  number  of 
others  are  on  Nobles  island,  near  the  same  place  ;  others  are  on  N. 
Saunders'  farm  near  Halstead's  Bay,  Sec.  22.  There  are  others  at 
Excelsior,  on  P.  M.  Gideon's  land,  Sec.  28. 

Some  at  Palmer's  lake  have  been  opened  by  members  of  the 
Minnesota  Academy  of  Natural  Sciences,  and  their  contents 
described  by  Dr.  A.  E.  Johnson.  A  fine  specimen  of  a  shin-bone, 
characteristic  of  the  Mound-Builders  was  taken  from  a  mound  at 
Palmer  lake. 

On  the  land  of  James  Shaver,  NW.  i  Sec.  17,  Minnetonka,  are 
a  great  many  mounds.  In  the  summer  of  1875  a  number  of  these 
were  located  by  chain  and  compass  by  a  party  from  the  Minnesota 
Academy  of  Sciences.  They  were  found  to  lie  on  the  bluff  and 
knolls  overlooking  the  water  of  the  lake,  following  the  higher 
land,  without  regard  to  direction  or  relative  position.  No  plan  or 
order  was  discemable,  though  aboiA  20  were  carefully  surveyed. 
They  vary  in  height  from  two  or  three  feet  to  five  or  six,  and  from 
ten  feet  in  diameter  to  forty.  There  are  in  that  neighborhood 
fifty  or  more  within  the  area  of  a  quarter-section  of  land. 

Eight  mounds  of  the  same  kind  are  seen  on  Widow  Ferguson's 
land.  Sec.  23,  Excelsior,  also  overlooking  the  lake.  Others  are  on 
NW.  i  Sec.  11,  Medina,  land  of  Albert  Johnson  ;  and  on  Samuel 
Barto's,  Sec.  7,  Minnetonka  ;  a  large  one  is  on  the  first  high  point 
east  of  Gale's  island,  on  Big  island. 
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IX. 

REPORT  ON  THE  GENERAL  MUSEUM. 

CONTAINING  THE  COLLECTIONS  OP  THE  GEOLOGICAL  AND  NATURAL 
HISTORY  SURVEY  ;  FOR  THE  YEAR  1876. 


By  N.  H.  WincheU,  Curator. 


During  the  Fall  of  1875  the  cases  designed  for  the  Museum  were 
completed  so  far  as  they  had  been  contracted  for,  and  during  the 
Christmas  vacation  they  were  filled  by  the  display  of  the  Ward 
Casts.  Another  larger  case  was  immediately  built  in  the  same 
room  for  the  reception  of  the  mounted  mammals.  Thus  three 
sides  of  the  room  were  occupied  with  suitable  cases.  In  the  center 
were  placed  some  of  the  larger  of  the  casts,  including  the  Glypto- 
don,  and  the  Mastodon,  on  pedestals.  The  Megatherium  is  also 
designed  for  this  group,  but  has  not  yet  been  unboxed.  It  became 
evident  at  once  that  the  room,  even  if  supplied  with  all  the  cases 
it  could  contain,  was  too  small  to  accommodate  the  collections  on 
hand.  The  Regents  have  concluded  therefore  to  carry  out  the 
original  plan  and  to  devote  the  other  large  room,  across  the  hall 
from  the  first,  to  a  strictly  geological  and  mineralogical  cabinet, 
reserving  the  first  mainly  for  zoological  specimens. 

Several  boxes  of  fossils  belonging  to  the  survey  were  opened  and 
carefully  studied  and  labeled  during  the  summer,  but  owing  to  the 
lack  of  suitable  cases  they  were  retained  in  the  geological  labora- 
tory. Mr.  Herrick  labeled  the  shells  on  exhibition  that  were  pur- 
chased of  H.  T.  Woodman,  and  collected  about  a  hundred  native 
birds.     These  are  not  mounted,  but  are  skinned  and  stufiFed. 

The  Museum  has  had  large  accessions  during  the  year  through 
donations  and  purchases  at  the  Centennial  Exhibition.  Some  of 
these  specimens  have  been  catalogued  and  labeled,  as  may  be  seen 
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by  the  accompanying  statement,  but  the  most  of  them  have  not. 
The  principal  donors  were  the  following: 

The  Geological  Survey  of  Canada,  through  A.  R.  C.  Selwyn, 
Director. 

The  Central  Pacific  R.  R.    Califomia. 

The  Pennsylvania  Diamond  brill  Company. 

The  Wisconsin  Geological  Survey,  through  Mr.  E.  T.  Sweet. 

The  Pacific  Guano  Company. 

The  Kentucky  Geological  Survey,  through  John  R.  Proctor, 
Secretary  of  the  Survey. 

Tennessee  Centennial  Commission,  through  Gen.  J.  T.  Wilder. 

The  Land  Department  of  the  Little  Rock  and  Fort  Smith  R.  R. 

The  Selma,  Rome  and  Dalton  R.  R.    Alabama. 

Some  minerals  also  were  purchased  at  favorable  rates  of  Mr. 
Herbert  R.  Saunders  and  of  Prof.  A.  E.  Foote. 

The  most  important  addition  to  the  mineralogical  collections 
made  during  the  year  was  in  the  purchase  of  the  entire  cabinet 
collection  of  Mr.  Geo.  F.  Kunz,  of  Hoboken,  N.  J.  This,  has  not 
been  received  yet  at  the  University,  and  is  not  enumerated  in  the 
following  catalogue.  In  general  it  embraces  a  complete  set  of 
zinc  and  iron  ores,  and  species,  so  far  as  they  can  be  got  in  the 
locality  of  Franklin  and  Ogdensburg,  N.  J.;  also  a  collection  pre- 
pared by  the  late  Charles  Clifton,  for  Owen's  college,  England; 
also  a  general  series  of  mineral  species  in  excess  of  the  foregoing 
zinc  and  iron  compounds  amounting  to  at  least  125  species,  vrith 
many  duplicates.  Fifteen  boxes  of  this  collection  hjve  been  re- 
ceived. There  are  still  about  twenty  more.  No  systematic  at- 
tempt has  been  made  to  catalogue  the  zoological  specimens.  The 
following  is  a  list  of  the  geological  and  mineralogical  specimens  so 
far  as  they  have  been  examined  and  labeled: 
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X. 

ORNITHOL(X>ICAL  NOTES. 


By  C.  L.  Herrick. 


MiKKBAPOLis,  Dec.,  1876. 
Prof.  WincheU  ; 

The  work  represented  by  the  following  list  of  birds  was,  of 
course,  much  impeded  by  the  diflSculties  incident  to  the  season 
during  which  it  was  prosecuted;  for  not  only  are  there  compara- 
tively few  birds,  and  those  of  the  commonest  species  to  be  fomid 
during  the  heated  term,  but  those  actually  collected  are  often  unfit, 
on  account  of  the  summer  moult,  for  preservation  or  study. 

Yet  though  the  field  work  was  over  before  the  fall  migration  was 
fairly  conmienced,  a  few  facts  of  some  interest  were  noticed. 

From  observations  made  during  the  summer  it  would  seem  that 
the  Brotherly-Love  Vireo  (Vireo  phUadelphieus)  is  not  as  rare  as 
until  recently  supposed,  and,  indeed,  it  may  be  found  to  be  quite 
as  common  in  this  locality  as  the  Vireo  gilvua.  The  vireos  col- 
lected were  shot  without  discrimination,  yet  two  were  quite  typi- 
cal specimens  of  phUadelphieus. 

The  results  obtained  from  the  study  of  the  few  shrikes  as  yet 
collected  at  Minneapolis  are  so  unexpected  and  withal  so  contra- 
dictory, that  the  following  remarks  are  given  with  some  hesitancy, 
especially  as  they  are  at  variance  with  what  has  been  written  upon 
these  birds  by  others  who  have  collected  in  this  State. 

The  Great  Northern  Shrike,  or  Cdlurio  horealis,  is  as  yet  only 
noted  as  occurring  during  Spring  and  Fall.  I  have  never  heard  of 
the  nest  in  this  vicinity.  I  am  led  to  believe  that  the  bird  is  some- 
what rare,  even  during  the  migrations,  for  in  the  Spring  it  is  veiy 
conspicuous  from  the  habit  it  has  of  perching  on  a  high  tree  and 
uttering  at  intervals  its  peculiar  metallic  cry  on  its  arrival  in  any 
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locality;  and  thus  the  comparatively  small  number  of  specimens 
collected  is  more  significant.  i 

The  smaller  shrikes,  so  abundant  here,  or  many  of  them,  seem 
to  partake  of  the  characteristics  of  both  varieties,  viz:  ludovicianus 
and  excubUoroides.  The  three  in  the  museum  seem  to  me  to  nearly 
accord  with  the  descriptions  of  ludovicianus.  They  all,  together 
with  two  in  my  own  collection,  have  the  two  inner  tail  feathers 
black  to  the  bases;  but  another,  which  also  possesses  several  other 
resemblances  to  eoccubitoroides,  has  evident  white  patches  on  all  the 
tail  quills.  Again  a  number  of  these  'birds  in  the  possession  of 
Mr.  T.  S.  Roberts  agree  in  disagreeing  with  every  description  of 
either  variety. 

I  draw  from  these  facts  the  inference  that  the  variety  ludovi- 
cianus predominates  over  the  other,  but  that  the  types  are  mingled 
and  blended  so  as  to  bafiSe  any  accurate  identification. 

The  nesting  of  these  birds  may  be  easily  observed  in  many  parts 
of  the  suburbs,  but  the  nests  are  often  mistaken  for  those  of  the 
more  northern  Butcher  Bird. 

Perhaps  the  Red-bellied  Nuthatch  may  be  less  rare  during  mi- 
gration than  supposed,  if  searched  for  in  suitable  localities. 

The  bird-fauna  of  the  State  has  received  one  addition  in  the 
tern  Sterna  caspia  (Thalassus  c.  Boie.)  This  is  the  largest  of  the 
terns,  and  is  a  very  beautiful  and  striking  bird.  The  only  speci- 
men as  yet  identified  from  this  State,  as  far  as  I  am  aware,  was 
secured  at  Long  Lake  by  Will  Secombe,  of  Minneapolis,  by  whom 
it  was  presented  to  the  museum. 

The  English  House-Sparrow  was  simultaneously  observed  by 
Mr.  Roberts  and  myself  during  the  early  part  of  the  winter  about 
the  streets  of  the  city,  and  I  learn  from  that  observer  that  they 
have  survived  our  severe  weather  as  yet. 

The  fact  that  birds  are  ofken  infested  by  intestinal  worms  par- 
ticularly the  Tape  Worm,  (Tsenia)  has  attracted  so  much  notice  of 
late  that  I  mention  the  collection  of  a  variety  of  these  parasites 
from  the  solitary  Tattler ;  also  a  quasi-parasitic  colony  of  crusta- 
ceans found  upon  a  goose.  I  received  from  Mr.  Roberts  several 
specimens  of  crustaceans  collected  from  Hutchins'  goose,  found 
deeply  imbedded  in  the  feathers  near  the  skin.  These  proved  to 
be  miniature  Sand  Fleas  (fresh  water.)  Of  course  it  is  hardly  to 
be  supposed  that  this  was  more  than  an  accident.  I  cannot 
account  for  this  except  by  supposing  it  to  be  the  result  of  the  pro* 
clivity  of  these  fleas  (so  often  noticed)  to  we^e  themselves  in  the 
thick  masses  of  leaves  upon  the  Bladder- wort  and  other  water 
plants. 
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^  VE8  . 


Note.*   A  star  (*)  slgntfles  male.    A  dagger  (f)  denotes  the  female. 


TUBDED^. 


1.  Harpochynchus  rafos.   Cab.    Brown  Thrash.    Minneapolis,  Ang.  20th, 

1876.    (69.) 

2.  Mlmns  carolinensis.    Cab.    Cat  Bird.*    Minneapolis,  May  Uth,  1875. 

(26.) 

SiTTIDiE* 

8.    Sitta carolinensis.    Gm.    White-Bellted Nuthatch*    Minneapolis, Aug. 
12th,  1876.     (64.) 

4.  Sitta  carolinensis,  Gm.    White-Bellted  Nuthatch.    MinneapollB,  July 

24th,  1876.     (65.) 

5.  Sitta  canadensis,  L.    Bed-Bellied  Nuthatch.    Minneapolis,  Aug.  16th, 

1876.    (66.)    Not  common, 

Sylviooudje. 

6.  MniotiUavarla.    VieiU.   Black  and  White  Creeper.*  Minneapolis,  Aag. 

16th,  1876.    (10.) 

7.  Mniotilla  varia.   VieiU.    Black  and  White  Creeper.    Minneapolis,  Aug. 

18th,  1876.     (77.) 

8.  Dendrosea    sstiva.    Bd.    Golden   Warbler.    Minneapolis,    May   7th, 

1875.  (6.) 

9.  Dendroeea  »stiva.    Bd.    Golden  Warbler.*    Minneapolis,  Aug.   16th, 

1876.  (7.) 

10.  Dendrosea  sstiva.    Bd.    Golden  Warbler.*    Minneapolis,  Aug.  Uth, 

1876.    (8.) 

11.  Dendrcnea  coronata.    Gray.    Yellow-Bumped  Warbler. f    Minneapolis, 

May  15th,  1875..   (9.) 

12.  Mniotilla  varia*    Vieill.    Black  and  White  Creeper.    Minneapolis,  Aug. 

18th,  1876.     (76.) 
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18.    Seiarus   aurocapUlns.    8w.    Oolden-Crowned  Thrash.*    Minneapolis, 

Aug.  20th,  1876.    (79.) 
14.    Seinros   anrocspiUos.    8w.    Golden-Crowned  Thrash.    Minneapolis, 

May  15th,  1875.    (4.) 
16.    Seinros  noYembraeinsis.   Nntt.  Water  Thrash.  Lake  Minnetonka,  Aug. 

14th,  1876.    (5.) 

16.  Setophaga  mticilla.    8w.    Bed  Start.*    Minneapolis,  Ang.  20tb,  1876. 

(80.) 

17.  Setophaga  mticIlU.    Sw.    Bed  Start.*    Minneapolis,  Ang.  20th,  1876. 

(81.) 

18.  Setophaga  ratioilla.    Sw.    Bed  Start.   Minneapolis,  Ang.  15th.    (15.) 

Tanagrid^. 

19.  Fyranga  rubra.  Vieill.    Scarlet  Tanager.*  Minneapolis,  Jaly  19th,  1876. 

(28.) 

HlR0NI>IKID^. 

20.  Cotyle  riparia.    Bole.    Bank  Swallow.*    Minneapolis,  Ang.  14th,  1876. 

(47.) 

Ampblid^. 

21.  Ampelis  cedrorom.    Bd.    Cedar  Bird.*    Minneapolis,  July,  1876.  (25.) 

VlBBODIN^. 

22.  Vlreo  oliVacea.    L.    Bed-eyed  Vireo.*    Minneapolis,  July  19th,  1876. 

(11.) 
28.    Vireo  philidelphica.  Cassin.    Philidelphla  Vlreo.    Minneapolis,  Aug. 
1876.    (14.) 

24.  Vireo  philidelphica.  Cassin.    Philidelphla  Vlreo.    Minneapolis,  Ang. 

20th,  1876.     (78.) 

25.  Vlreo  gilva.    Cass.    Warbling  Vireo.*    Minneapolis,  Jnly  11th,  1876. 

(12.) 

26.  Vireo  flavifrons.  Bd.  Yellow-throated  Vireo.*  Minneapolis,  Ang.  16th, 

1876.    (18.) 

Lamidje. 

27.  CoUnrio  ladlYlcianos.    Bd.    Loggerhead  Shrike.*    Minneapolis,  Ang^ 

1876.     (7.) 

28.  Collnrio  IndiTlcianos.    Bd.    Loggerhead  Shrike.f    Minneapolis,  July 

20th,  1876.    (2.) 

29.  Collnrio  ladivicianns.    Bd.    Loggerhead  Shrike.    Minneapolis,  18f){. 

(8.) 
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Fbzngillidjs. 

30.    Qhrysomitrls  tristfs.    Bon.    Tdllow  Bird.t    Minneapolis,  Nov.  2€tli, 
1875.    (81.) 

81.  ChryBomUrlBtrlstis.  Bon.  Yellow  Bird.*  Champlin,  Minn.,  Jane  IStii, 

1875.  (80.) 

82.  Plectrophanes  niralis.    Meyer.    Snow  Bunting.*    Minneapolis.  Nov. 

80th,  1876.  (88.) 
88.    Plectrophanes  niraUs.    Meyer.    Snow  Bnnting.f    Minneapolis,  Nov. 

80th,  1876.  (89.) 
Si.    PoQBcetes  gramlnenfi.    Bd.    Grass  Finch.    Minneapolis,  Aug.   16th, 

1876.  (85.) 

85.  FocBcetes  gramlnens.     Bd.     Grass  Finch.    Minneapolis,  Aog.  1876. 

(86.) 

86.  Spizella  socialis.    Bon.    Chipping  Sparrow.*    Minneapolis,  Aug.  14th, 

1876.    (82.) 

87.  Spizella  monticolor.    Bd.    Tree  Sparrow.*     Minneapolis,  Get.  9th» 

1876.    (84.) 

88.  Spizella  pallida.    Bon.    Clay-Colored  Bnnting.*    Minneapolis,  Ang., 

1876.    (88.) 

89.  Spizella  pallida.    Bon.    Clay-Colored  Bnnting.f    Minneapolis,  May  7th, 

1875.  (84.) 

40.  Chondestes  grammaca.    Bon.    Lark  Finch.    Minneapolis,  1875.    (88.) 

41.  Melospiza  melodla.    Bd.    Song  Sparrow.*    Minneapolis,  Ang.  12th, 

1876.  (87.) 

42.  Gonlaphealadiviciana.    Bowdich.    Rose-Breasted  Grosbeak.*    Minne- 

apolis, Jane,  1875.    (27.) 
48.    Conlaphealudlviciana.    Bow.    Rose-Breasted  Grosbeak.   Minneapolis, 
Aug.  18th,  1876.    (75.) 

44.  Cyanosplza  cyanea.    Bd.    Indigo  Bird.*    Minneapolis,  Jaly,  1876.  (29.) 

45.  Fipilo  crythrophthalmas.    Vieill.    Che  wink.*    Minneapolis,  Ang.   8d, 

1876.    (89.) 

46.  Junco  hyemalis.    Sd.    Snow  Bird.*    Minneapolis,  Oct.  9th,  1876.  (88.) 

iBTBiaDJC. 

47.  Dolichonyz  oryzivoms.   Sw.   Bobolink.*  Minneapolis,  Jnly  20th,  1876. 

(42.) 

48.  Agelsns  phoanicus.    V.    Red-Winged  Black  Bird.*    MinneiH>olls,  Ang. 

4th,  1876.    (41.) 

49.  Stnmella  magna.    Sw.    Meadow  Lark.*    Minneapolis,  Jnly  18th,  1876. 

(40.) 

50.  letems  baltimore.  Dandin.  Baltimore  Oriole.*   Minneapolis,  May  22d, 

1875.    (21.) 

51.  letems  spnrlns.    Bon.    Orchard  Oriole.*    Minneapolis,  1875.    (22.) 
62.    letems    spnrius.    Bon.    Orchard   Oriole.*    Minneapolis,  1875.    Jift. 

specimine.    (28.) 
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58.    leterns  spurius.   Bon.    Orchard  Oriole. t   Minneapolis,  July,  1876.  (24.) 

CORTID^. 

\ 

54.  Corvnscoraz.    L.    Raven.*    {MounUd.)    Minneapolis,  Oct.,  1876.  (85.) 

Not  common. 

Presented  6y  N.  Herriek,  Esq. 

55.  Cyanums  cristatns..    Sw.    Blae  Jay.    Minneapolis,  July  20tli,  1876. 

(45.) 

TTRANNIDiB. 

56.  Tyrannns  carollnensis.    Bd.  King  Bird.*  Minneapolis,  May  14th,  1875. 

(20.) 

57.  Contonops  virens.    Cab.    Wood  Pewee.*  Minneapolis,  Ang.  11th,  1876» 

(16.) 

58.  C.  virens.  Cab.  Wood  Pewee.*    Minneapolis,  Ang.  15th,  1876.  (17.) 

59.  C.  virens.  Cab.  Wood  Pewee. f    Minneapolis,  Ang.  15th,  1876.  (18.) 

60.  C.  virens.  Cab.  Wood  Pewee.    Minneapolis,  Jnly,  1876.    (19.) 

Caprimulgid^. 

61.  Chordeiles  virglnianns.   Bon.    Night  Hawk.*    Minneapolis,  Ang.  16th,. 

1876.    (44.) 

CYPSBUDiE. 

62.  Cotyle  pelasgio.    Bd.    Chimney  Swift.*    Minneapolis,  Jnly  10th,  1876. 

(48.) 

ALCEDlNIPiB. 

68.    Cryle  alcyon.    Bole.    Belted  Kingfisher.    Minneapolis,  Aug.  1st,  1876. 
(46.) 

PlCTDJE. 

64.  Picos  pubescens.   L.   DQ>vny  Woodpecker.*   Minneapolis,  Jnly,  1876. 

(60.) 

65.  Picns  pnbescens.    L.    Downy  Woodpecker.*    Minneapolis,  Ang.  16th, 

1876.    (61.) 

66.  Picns  pnbescens.    L.    Downy  Woodpecker.*    Minneapolis,  Ang  SOth, 

1876.    (73.) 

67.  Melanerpes  erythrocephalns.  Sw.  Bed-headed  Woodpecker.   Jnly  28d, 

1876.    (62.) 

68.  Melanerpes  erythrocephalns.    Sw.    Bed-headed  Woodpecker.*    Minne- 

apolis, Ang.  28th.    (71.) 

69.  Colaptes  anratns.    Sw.     Gk>lden-winged   Woodpecker.    Minneapolis> 

April  29th,  1875.    (68.) 

Digitized  by  VjjOOQIC 


236  GBOLOGICAL  AND  NATURAL  HIST0B7 

70.  OoUptes  aoiatns.    Sn.    Oolden*wlnged  Woodpecker.*    Minneapolis, 

Aug.  28tli,  }876.    (72.) 

Stbigid^. 

71.  Babo  virgiDianiu.   Willc.  Great-horned  Owl.*  Minneapolis,  Nov.,  1B76. 

(86.)    From  Collection  of  C.  L.  Bsrrick. 

Faloonidjb. 

72.  Falcospanrerlns.   L.    Sparrow  Hawk.  Minneapolis,  Aug.  2, 1876.  (€7.) 
78.    Falco  sparverius.    L.    Sparrow  Hawk.    Minneapolis,  Ang.  18th,  1875. 

(68.) 

74.  Bnteo  boreaUs.    Vieill.    Red-tailed  Hawk.*    Jav.    Minneapolis,  Joly, 

1876.    (82.)    {Monnted.) 

COLTTMBIDJS. 

75.  Bctopistes  migratorlns.    8w.    Wild  Pigeon.    Minneapolis,  Jaly  11th, 

1876.    (58.) 

76.  Ectopistes  migratorlns.     S.    Wild  Pigeon.    Minneapolis,  Jnly  11th, 

1876.    (59.) 

TsTBAONIDiB. 

77.  Bonasa  nmbellus.  Stephens.    Raffed  Grouse.    Minneapolis,  July,  1876. 

(*8.) 

Charadbudjs. 

78.  iEgialitis  voclfems.    Cass.    KlUdeer  Plover.f    Minnei^lis,  Joly  22d, 

1876.    (57.) 

SOOLOPAOID^. 

79.  Totanns   solitarins.    Wilson,    Solitary  Tattler.*     Minneapolis,  Aug. 

17th,  1876.    (55.) 

80.  Totanns  solitarins.    Wils.   Solitary  Tattler.*   Minneapolis,  Aug.  12th, 

1876.    (56.) 

81.  Totanns  solitarins.    Wils.    Solitary  Tattler.    Minneapolis,  Ang.  20th, 

1876.    (74.) 
^2.    Tringoides   macnlarius.     Gray.     Spotted   Sandpiper.     Minneapolis, 

Ang.  4th,  1876.    (58.) 
88.    Tringoides  macolarins.   Gray.   Spotted  Sandpiper.*   Minneapolis,  July 

14th,  1876.    (54.) 
84.    Actitums  bartramins.    Bon.    Upland  Plover.    Minneapolis,  Aug.  6th, 

1875.    (52.) 
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Ardbuoa. 
a5.    Botanrns  magltans.    Cones.    Bittern.    Minneapolis,  1875.    (49.) 

Rallid^. 

86.  Porzana  Carolina.    V.    Carolina  Bail.t    Minneapolis,  Ang.  2(H;h,  1876. 

(70.) 

LARIDiE. 

87.  Sterna  caspia.    Pall.    Caspian  Tern.    Long  Lake,  Nov.,  1876.    (87.) 

Bare. 

Collected  and  presented  &y  Will.  Seeombe. 

88.  Hydrochelidon  larlfbrmis.    Cones.     Black  Tern.    Minneapolis,  Jnly 

19tli,  1876.    (60.) 

89.  Hydrochelidon  lariformis.    Cones.    BDack  Tern,  votcngr.    Minneapolis, 

July  19th,  1876.    (61.) 

AXATID^. 

90.  Bncephala  clangnla.    Wlls.    Golden-Eye.  Garrot.    Minneapolis,  Jan. 

17th,  1877. 

Just  as  this  proof  is  going  to  press,  I  have  the  pleasure  of  an< 
nouncing  that  I  had  the  good  fortune  to  secure  for  the  collection 
two  specimens  of  Le  contes  Sparrow,  cotumictdus  lecorUeif  thus 
adding  this  to  the  very  few  localities  of  its  occurrence.  A  more 
extended  notice  will  doubtless  be  given  hereafter. 
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XI. 
A  NEW  CYCLOPS. 


By  C.  L.  Herrick, 


Cyclops  quadricomis  has  often  been  used  as  an  object  for  study 
by  those  desirous  of  becoming  familiar  with  the  process  of  develop- 
ment in  Crustacea.  For  this  it  is  eminently  fitted  both  on  account 
of  its  very  distinct  changes  and  its  abundance  in  every  pond  and 
pool. 


Fig.  1. 

There  is  another  member  of  the  same  genus  which  has  not, 
apparently,  been  described,  and  I  have  therefore  provisionally 
named  it  0.  longicomis  from  the  very  long  primary  antennae. 

The  appearance  of  an  ordinary  individual  (Fig.  1.)  is  not  very 
widely  different  from  the  ordinary  species.  But  the  first  glance 
of  the  female  with  the  spherical  sac  of  ova  under  the  abdomen 
makes  the  creature  seem  quite  distinct. 

The  general  appearance  and  its  movements  while  swimming 
briskly  about  cause  it  to  look  like  a  magnified  cladocera,  the  long 
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spreading  antennae  increasing  the  similarity.    The  glass  at  once 
dispels  the  illusion  however. 

The  eggs  are  larger  in  proportion  than  those  of  quadricomis  and 
are  loosely  aggregated  beneath  the  abdomen.  The  cephalothorax' 
is  very  large  and  carries  the  usual  complement  of  motory  appen- 
dages. The  first  antennae  are  long— exceeding  the  body.  The 
second  pair  are  specialized  enough  to  be  called  antennae,  and  the 
claws  are,  according  to  my  observation,  small  though  they  were 
indistinctly  seen. 

The  abdomen  is  in  proportion  smaller  than  in  quadricomiSy  and 
the  tail  similar  to  that  of  a  young  of  that  species.  Of  internal 
structure  little  was  made  out,  but  the  red  glands  are  as  prominent 
as  in  the  other.  A  curious  case  of  malformation  of  antennae  is 
shown  in  the  figure.  The  color  is  transparent  white,  except  the 
tips  of  the  antennae  and  the  last  segments  of  the  abdomen. 

The  process  of  cephalization  is  well  illustrated  by  the  cyclops, 
though  not  as  aptly  as  in  the  larger  crustaceans,  the  Sand  Fleas. 


A  recent  observation  of  a  number  of  diatoms  dipped  from  the 
bottom  of  the  deeper  portion  of  Lake  Calhoun,  seems  to  prove  that 
one  species  is  clothed  with  cilia  throughout,  and  not  simply  at 
the  ends  as  usually  described.  While  watching  the  motions  of  a 
Navicula-like  plant  propelling  itself  slowly  along  it  was  seen  to  col- 
lide with  a  large  mass  of  vegetable  matter,  and  while  thus  brought 
to  a  stand-still  the  infinitesimal  particles  fioating  near  it  were  seen 
to  traverse  its  whole  length,  the  diatom  and  particles  beyond 
reach  of  its  infiuence  remaining  motionless  in  the  meantime. 
This  specimen  was  of  sufiBcient  length  to  preclude  the  possibility 
of  the  cilia  at  the  ends  having  any  infiuence  upon  the  particles. 

Other  Collections. 

Besides  the  Moose  mentioned  in  the  report  of  last  year,  the  fol- 
lowing mounted  mammals  are  on  exhibition: 

AtMceapra  Amerieana,  Ord.  Pronghom  Antelope.  2  male  and  2  female. 
Caster  Expedition  to  the  Black  HiUs.    1874. 
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Corwa  CanadenHs,    Bs^l.    American  Elk.    Caster  Expedition  to  the  Black 
HUlB.    1874. 

Badger.    Caster  Expedition  to  the  Black  HillB.    1874 . 

Ursus  Tiorrihilis.    Old.    Orizzly  Bear,  female.    Caster  Expedition  to  the 
Black  Hills.    1874. 

Corvw  leneurus,    Dong.    White-Tailed  Deer;  1  male,  2  females.    Cos. 
Ex.  Blk.Hms.    1874. 

Bangifer  Carihou,    And.  and  Bach.    Woodland  Cariboa  (anmoanted.) 
Presented  Dec,  1875,  by  Nathan  Batler. 

Seiurtu  hudsonius.    Pall.    Red  Squirrel.    Three  specimens. 

Tamius  9triatu$,    Bd.    Chipmunk. 

SpermophUus  trideeemlineatua,    Mitch.    Striped  Gopher. 

Hesperomy$  michigaMtuit,    Wag.    Michigan  Mouse. 

Procyon  lotd.    Ston.    Common  Baccoon. 

Reptiles. 

Pana  eate^iana.    Shaw.    Bull  Frog. 

Amhlyttoma  tigrinum.    Bd.    (Immature.)    Common  Salamander. 

Eutaenia  radix.    Bd.  &  Gir.    Garter  snake. 

Skdetons  Mounted. 

PodUymbuB  podic^s.    Lawr."  Pied-billed  Grebe. 
Botanrus  mugitans.    Bart.    Bittern. 
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ERRATA, 


Page  5,  line  i  firom  bottom,  for  <*fo8sillforoii8''  read  fiMssUiftrons. 

Page  189,  line  14,  for  "  There"  read  This. 

Page  156,  line  12  ttom  bottom,  for  <<  nine"  read  eight. 

Page  168,  line  6»  for  '^{gr^y  hardpan  to  near  the  top  of  trhe  blnfT)."  read 
(gray  hardpan)  to  near  the  top  of  the  blnff. 

Page  179,  strike  ont  «  This  fUl  is  forty  or  tlfl7  feet  high,  divided  in  the 
middle  by  a  rocky  island  of  pyramidal  form." 

Page  220,  line  10  from  bottom,  for  <<  left  branch"  read  left  bank. 

Page  280»  strike  out  "  X." 

Page  288,  strike  ont  «•  XI." 

On  the  map  of  the  yicinil^  of  the  Falls  of  St.  Anthony,  nnder  W&qtlana- 
don,"  last  line,  strike  ont  "  Gray." 
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